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Résumé

/HVWR[LQHV&U\VRQWGHVSURWpLQHVV\QWKpWLVpHVVRXVIRUPHGHFULVWDX[SDUODEDFWpULH
EDFLOOH GH7KXULQJH SHQGDQW OD VSRUXODWLRQ(OOHV VRQW ODUJHPHQW XWLOLVpHV FRPPH DJHQWV GH
OXWWHELRORJLTXHFDUHOOHVVRQWWR[LTXHVHQYHUVSOXVLHXUVHVSqFHVG¶LQYHUWpEUpHV\FRPSULVOHV
QpPDWRGHV/HVWR[LQHV&U\%VRQWDFWLYHVFRQWUHFHUWDLQHVHVSqFHVGHQpPDWRGHVSDUDVLWHV\
FRPSULV Ankylostoma ceylanicum XQ SDUDVLWH TXL LQIHVWH OH V\VWqPH JDVWURLQWHVWLQDO GHV
KXPDLQV -XVTX¶DX SUpVHQW OHPRGH G¶DFWLRQ GHV WR[LQHV&U\ QpPDWLFLGHV UHVWH JUDQGHPHQW
LQFRQQX VDXI TXH OHXUV UpFHSWHXUV VSpFLILTXHV VRQW GHV JO\FROLSLGHV HW TX¶HOOHV FDXVHQW GHV
GRPPDJHV LPSRUWDQWV DX[ FHOOXOHV LQWHVWLQDOHV 'DQV FHWWH pWXGH RQ GpPRQWUH SRXU OD
SUHPLqUH IRLV TXH OD WR[LQH QpPDWLFLGH &U\%D PHPEUH GH OD IDPLOOH GHV WR[LQHV j WURLV
GRPDLQHVHWSURGXLWHSDUODEDFWpULHEDFLOOHGH7KXULQJHIRUPHGHVSRUHVGDQVOHVELFRXFKHV
OLSLGLTXHV SODQHV HQ DEVHQFH GH UpFHSWHXUV /HV SRUHV IRUPpV SDU FHWWH WR[LQH VRQW GH
VpOHFWLYLWp FDWLRQLTXH j S+ DFLGH RX DOFDOLQ /HV FRQGXFWDQFHV GHV SRUHV IRUPpV VRXV
FRQGLWLRQVV\PpWULTXHVGHP0GH.&OYDULHQWHQWUHHWS6jS+HW/HV
QLYHDX[ GHV FRQGXFWDQFHV OHV SOXV IUpTXHPPHQW REVHUYpV GLIIqUHQW OHV XQV GHV DXWUHV SDU
HQYLURQ  j  S6 FH TXL HVW FRPSDWLEOH DYHF O¶H[LVWHQFH G¶DUUDQJHPHQW G¶XQ QRPEUH
GLIIpUHQWGHSRUHVpOpPHQWDLUHVVLPLODLUHVDFWLYpVGHIDoRQV\QFKURQLVpHRXDYHFODSUpVHQFH
G¶ROLJRPqUHVGHWDLOOHVYDULDEOHVHWGHGLIIpUHQWVGLDPqWUHVGHSRUHV
Mots-clésEDFLOOHGH7KXULQJH įHQGRWR[LQHQpPDWLFLGH, &U\%DELFRXFKHOLSLGLTXHSODQH
IRUPDWLRQGHSRUHVpOHFWURSK\VLRORJLHPRGpOLVDWLRQSDUKRPRORJLH C. elegans
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
Abstract

&U\WR[LQVDUHSURWHLQVV\QWKHWL]HGDVFU\VWDOLQFOXVLRQVE\WKHBacillus thuringiensis
EDFWHULXPXSRQVSRUXODWLRQ7KH\DUHXVHGZLGHO\DVELRORJLFDOFRQWURODJHQWVDVWKH\H[KLELW
WR[LFLW\WRDUDQJHRILQYHUWHEUDWHVLQFOXGLQJQHPDWRGHV7KH&U\%WR[LQVDUHDFWLYHDJDLQVW
D QXPEHU RI SDUDVLWLF QHPDWRGH VSHFLHV VXFK DVAncylostoma ceylanicum D KXPDQ JDVWUR
LQWHVWLQDOSDUDVLWH6RIDU WKHPRGHRIDFWLRQRIQHPDWLFLGDO&U\WR[LQVLV ODUJHO\XQNQRZQ
H[FHSWIRUWKHIDFWVWKDWWKHLUVSHFLILFUHFHSWRUVDUHJO\FROLSLGVDQGWKDWWKH\FDXVHSURPLQHQW
GDPDJH WR QHPDWRGH LQWHVWLQDO FHOOV ,Q WKLV VWXG\ ZH VKRZ IRU WKH ILUVW WLPH WKDW WKH
QHPDWLFLGDO&U\%D WR[LQ DPHPEHURI WKH WKUHHGRPDLQ IDPLO\RI WR[LQVSURGXFHGE\ WKH
Bacillus thuringiensisIRUPVSRUHVLQUHFHSWRUIUHHSODQDUOLSLGELOD\HUV7KHSRUHVIRUPHGE\
WKH WR[LQ ZHUH FDWLRQ VHOHFWLYH ERWK XQGHU DFLG DQG DONDOLQH S+ FRQGLWLRQV 8QGHU
V\PPHWULFDO  P0 .&O FRQGLWLRQV SRUH DFWLYLW\ ZDV FKDUDFWHUL]HG E\ FRQGXFWDQFHV
UDQJLQJIURPWRS6DWERWKS+DQG7KHPRVWIUHTXHQWO\REVHUYHGFRQGXFWDQFH
OHYHOVGLIIHUHGIURPHDFKRWKHUE\DSSUR[LPDWHO\WRS6FRQVLVWHQWZLWKWKHH[LVWHQFHRI
FOXVWHUV RI GLIIHUHQW QXPEHU RI HOHPHQWDU\ VLPLODU FRRSHUDWLYHO\ JDWHG SRUHV RUZLWK WKH
SUHVHQFHRIYDULDEOHVL]HROLJRPHUVZLWKGLIIHUHQWSRUHGLDPHWHUV

Keywords  Bacillus thuringiensis QHPDWLFLGDO įHQGRWR[LQH &U\%D OLSLG ELOD\HU
PHPEUDQHSRUHIRUPDWLRQHOHFWURSK\VLRORJ\KRPRORJ\PRGHOLQJC. elegans
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GH.&OjS+
Figure 4-21. 5HODWLRQ FRXUDQWSRWHQWLHO ,9 SRXU OHV VDXWV GH FRXUDQW FRUUHVSRQGDQW j OD
FRQGXFWDQFHSULQFLSDOHTXH O¶RQREVHUYHVXU OHV WUDFpVSUpVHQWpVj ODFigure 4.20SRXU
WRXV OHV SRWHQWLHOV DSSOLTXpV VXU ODPrPH ELFRXFKH HQ FRQGLWLRQV V\PpWULTXHV GH 
P0GH.&OjS+
Figure 4.22. 5HODWLRQVFRXUDQWSRWHQWLHO,9GHVSRUHVIRUPpVSDUOD&U\%DHQFRQGLWLRQV
V\PpWULTXHVGHP0GH.&OjS+
Figure 4.23. 7UDFpV GHV FRXUDQWV XQLWDLUHV LOOXVWUDQW OH FRPSRUWHPHQW FLQpWLTXH GHV SRUHV
IRUPpVSDUOD&U\%DHQFRQGLWLRQVV\PpWULTXHVGHP0GH.&OjS+
Figure 4.24. +LVWRJUDPPHVGHVWHPSVGHVpMRXUSRXUOHSRUHGHFRQGXFWDQFHGHS6GRQW
OH FRXUDQW HVW LOOXVWUp VXU OH WUDFp% j ODFigure 4.23 REWHQX j P9 HQ FRQGLWLRQV
V\PpWULTXHVGHP0GH.&OjS+
Figure 4.25. 7UDFpVGHFRXUDQWVLRQLTXHVREWHQXVjWUDYHUVOHVSRUHVIRUPpVSDUOD&U\%DVXU
ODPrPHELFRXFKHHQFRQGLWLRQVDV\PpWULTXHVGH»P0GH.&OjS+
Figure 4.26. 3RWHQWLHOV G¶LQYHUVLRQ GHV SRUHV IRUPpV SDU OD &U\%D HQ FRQGLWLRQV
DV\PpWULTXHVGH.&OGHP0cistransjS+
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Liste des abréviations
AA
ALP
APN
Arg
Asn
BLP
Bt
Bt-R1
CDH 
C. elegans
cry
Cys
cyt
EDTA
kDa
GFP
$FLGH$PLQp
$OFDOLQHSKRVSKDWDVH
$PLQRSHSWLGDVH1
$UJLQLQH
$VSDUJLQH
%LFRXFKHOLSLGLTXHSODQH
Bacillus thuringiensis  
Bacillus thuringiensis5HFHSWRU
&DGKpULQH
Caenorhabditis elegans 
*qQHGHBtFRGDQWXQHSURWpLQHFULVWDOOLQHG¶LQFOXVLRQ
&\VWpLQH
*qQHGHBtFRGDQWXQHSURWpLQHF\WRO\WLTXHG¶LQFOXVLRQ
$FLGHpWK\OqQHGLDPLQHWpWUDDFpWLTXH
NLOR'DOWRQ
3URWpLQH)OXRUHVFHQWH9HUWHRX©Green Fluorescent Proteinª
[LLL
GPI
nAChR
NMDG
MBB
MES
OGM
OMS
PEG
PFT
RFP
Ser
VMBB
TRIS
*O\FRV\OSKRVSKDWLG\OLQRVLWRO
5pFHSWHXUQLFRWLQLTXHGHO¶DFpW\OFKROLQH
1PpWK\O'JOXFDPLQH
0HPEUDQHjERUGXUHHQEURVVH
$FLGH>1PRUSKROLQR@pWKDQHVXOIRQLTXH
2UJDQLVPH*pQpWLTXHPHQW0RGLILp
2UJDQLVDWLRQPRQGLDOHGHOD6DQWp
3RO\pWK\OqQHJO\FRO
7R[LQHIRUPDQWGHSRUHVRX©Pore Forming Toxinª
3URWpLQH)OXRUHVFHQWH5RXJHRX©Red Fluorescent Proteinª
6pULQH
9pVLFXOHVGHODPHPEUDQHjERUGXUHHQEURVVH
DPLQRK\GUR[\PpWK\OSURSDQHGLRO

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
CHAPITRE 1. INTRODUCTION

/HV SHVWLFLGHV FKLPLTXHV VRQW ODUJHPHQW XWLOLVpV GDQV OD OXWWH FRQWUH OHV LQVHFWHV
UDYDJHXUV QXLVLEOHV DX[ FXOWXUHV DJULFROHV HW IRUHVWLqUHV DLQVL TXH OHV LQVHFWHV YHFWHXUV GH
PDODGLHVLPSRUWDQWHVSRXUOHVKXPDLQV&HSHQGDQWODPDMRULWpGHFHVLQVHFWLFLGHVQHVRQWSDV
VSpFLILTXHVDX[UDYDJHXUVYLVpVPDLVDIIHFWHQWDXVVLG¶DXWUHVFXOWXUHVHWRUJDQLVPHV'HSOXV
HQ WDQW TXH SURGXLWV QRQ GpJUDGDEOHV OD SOXSDUW GHV SHVWLFLGHV FKLPLTXHV SHUVLVWHQW GDQV
O¶HQYLURQQHPHQWFHTXLIDLWTX¶RQUHWURXYHOHXUVUpVLGXVHQSHXSDUWRXWGDQVO¶HQYLURQQHPHQW
HWGDQVOHVSURGXLWVDOLPHQWDLUHV7KXUPDQ et al.&RXSH et al./HX et al.
3RLVVDQW et al.  &HSHQGDQW PDOJUp OHV JUDQGV SUREOqPHV TX¶LOV SRVHQW SRXU
O¶HQYLURQQHPHQWHW ODVDQWpSXEOLTXH LOVFRQWLQXHQWG¶rWUHXWLOLVpVJOREDOHPHQW UHSUpVHQWDQW
HQYLURQ   GHV PDUFKpV GHV LQVHFWLFLGHV 2Q SUpYRLW XQH DXJPHQWDWLRQ GH OHXU
FRQVRPPDWLRQGHDQQXHOOHPHQWMXVTX¶HQ.HOOHU1pDQPRLQVO¶DSSDULWLRQ
GHSOXVHQSOXVLPSRUWDQWHGHODUpVLVWDQFHGHVLQVHFWHVFLEOpVjFHVSHVWLFLGHVHWODQpFHVVLWp
GH GpYHORSSHU GHV PpWKRGHV DOWHUQDWLYHV HW PRLQV QRFLYHV D FRQGXLW j O¶XWLOLVDWLRQ GHV
SHVWLFLGHV ELRORJLTXHV RX ELRSHVWLFLGHV GpULYpV G¶DQLPDX[ GH EDFWpULHV HW GH PLQpUDX[
/¶DSSURFKH ELRWHFKQRORJLTXH D SHUPLV GH UpVRXGUH FHUWDLQV GH FHV SUREOqPHV 3DUPL OHV
ELRSHVWLFLGHV FHX[ j EDVH GH OD EDFWpULH GX EDFLOOH GH 7KXULQJH VRQW OHV SOXV XWLOLVpV HW
FRQVWLWXHQWDFWXHOOHPHQWO¶DSSURFKHODSOXVDYDQWDJHXVHQRWDPPHQWjFDXVHGHOHXUFDUDFWqUH
WUqVVpOHFWLIHQYHUVOHVHVSqFHVFLEOHVHWOHXUIDLEOHWR[LFLWpHQYHUVOHVKXPDLQVHWOHVDQLPDX[
*ODUHHW2
&DOODJKDQ6LHJHO'HSXLVOHGpEXWGHOHXUXWLOLVDWLRQHQFHOOH

FL D DXJPHQWp HW UHSUpVHQWH DXMRXUG¶KXL HQYLURQ  GXPDUFKpPRQGLDO GHV DJHQWV QRQ
FKLPLTXHV GH OXWWH FRQWUH OHV UDYDJHXUV 2
%ULHQ et al.  /HXU XWLOLVDWLRQ FRQWUH OHV
LQVHFWHV YHFWHXUV GHV PDODGLHV KXPDLQHV FRPPH OD PDODULD 206  UHYrW XQH
LPSRUWDQFHSDUWLFXOLqUH3OXVUpFHPPHQWO¶XWLOLVDWLRQGHVRXWLOVPRGHUQHVGHODPLFURELRORJLH
HW GH O¶LQJpQLHULH JpQpWLTXH D SHUPLV O¶LQWURGXFWLRQ FRPPHUFLDOH HQ  GHV SODQWHV
JpQpWLTXHPHQWPRGLILpHVTXLH[SULPHQWOHVJqQHVFRGDQWSRXUODSDUWLHDFWLYHGHVWR[LQHVGH
Bt ,6$$$  'H SOXV FHUWDLQHV WR[LQHVBt VRQW GHV FDQGLGDWHV LGpDOHV GDQV OD OXWWH
FRQWUH FHUWDLQHV HVSqFHV GH QpPDWRGHV SDUDVLWDLUHV GHV KXPDLQV GHV DQLPDX[ HW HQ
DJULFXOWXUHHQSDUWLFXOLHUjFDXVHOHXUH[FHOOHQWHDFWLYLWpVLPLODLUHRXVXSpULHXUHjFHOOHGHV
DJHQWVDQWKHOPLQWKLTXHV.RW]H et al.

1.1 Le bacille de Thuringe (Bt) 

/H EDFLOOH GH 7KXULQJH RX ©Bacillus thuringiensis ª DEUpJp HQBt GpFRXYHUW HQ
 SDU OH ELRORJLVWH MDSRQDLV 6KLJHWDQH ,VKLZDWDUL HVW XQH EDFWpULH *UDPSRVLWLYH
HQWRPRSDWKRJqQH Figure 1.1A TXL SURGXLW DX FRXUV GH OD VSRUXODWLRQ GHV LQFOXVLRQV
FULVWDOOLQHVSDUDVSRUDOHVFRQVWLWXpHVG¶XQHRXSOXVLHXUVSURWpLQHVGXW\SH&U\SRXUFULVWDORX
&\WSRXUF\WRO\WLTXH*DUF]\QVNLHW6LHJHO&HVWR[LQHVVRQWpJDOHPHQWDSSHOpHVį-
endotoxines DILQGH OHVGLVWLQJXHUGHVDXWUHV WR[LQHVTXLSRXUUDLHQWrWUHSURGXLWHVGXUDQW OD
SKDVHGHFURLVVDQFHYpJpWDWLYHGHODEDFWpULHWHOOHVTXHOHVSURWpLQHVYpJpWDWLYHVLQVHFWLFLGHV
RX©9,3ª /HH et al.

/DFHOOXOHYpJpWDWLYHGXEDFLOOHGH7KXULQJHHVWHQIRUPHGHEkWRQQHWFigure 1.1A
GpSRXUYXH GH IODJHOOH GH ORQJXHXU TXL YDULH HQWUH  j  P HW GH ODUJHXU G¶HQYLURQ  P
%XOOD et al./DVSRUXODWLRQGHVEDFWpULHVPHPEUHVGHODIDPLOOHGHBt HVWGpFOHQFKpH
ORUVTXH OHV FRQGLWLRQV HQYLURQQHPHQWDOHV SRXU XQH FURLVVDQFH YpJpWDWLYH GH OD EDFWpULH
GHYLHQQHQW GpIDYRUDEOHV 9HHQLQJ et al.  &KDTXH EDFWpULH QH SURGXLW TX¶XQH VHXOH
VSRUHPDLVXQHRXSOXVLHXUVLQFOXVLRQVFULVWDOOLQHVGLVWLQFWHVTXLVRQWWRXWHVOLEpUpHVORUVGHOD
O\VHGHODEDFWpULH/HBtHVWXQHEDFWpULHXELTXLWDLUH2QOHUHWURXYHSDUWRXWGDQVOHPRQGHHW
GDQVXQHGLYHUVLWpG¶pFRV\VWqPHV'DPJDDUG+RQJ\X et al..DHOLQHW*DGDQL
0DGXHOO et al.+HUQiQGH] et al.*RQ]iOH] et al.(QIDLWOHEDFLOOH
GH7KXULQJHIDLWSDUWLHGXJURXSHcereusGHVEDFLOOHVTXLFRPSWHVL[PHPEUHV WUqVSURFKHV
JpQpWLTXHPHQWPDLVSRVVpGDQWGHVSKpQRW\SHVHWGHVHIIHWVSDWKRJqQHVWUqVGLIIpUHQWV*RKDU
et al.  Bacillus anthracis Ba Bacillus cereus Bc Bacillus thuringiensis Bt
Bacillus  mycoides Bm Bacillus pseudomycoides Bp HW Bacillus wheinhenstephanensis 
Bw

1.1.1  Inclusions cristallines de Bt
/HVLQFOXVLRQVFULVWDOOLQHVSURGXLWHVSDUOHEDFLOOHGH7KXULQJHSUpVHQWHQWHQYLURQ
GH VRQ SRLGV VHF HW SRVVqGHQW XQ FRQWHQX GH  GH SURWpLQHV OH UHVWH pWDQW GHV JOXFLGHV
/HFDGHWHW'HGRQGHU(OOHVVRQWLQVROXEOHVHQVROXWLRQDTXHXVHjS+QHXWUHRXDFLGH
%XOOD et al./HVFULVWDX[FRQVWLWXDQWOHVLQFOXVLRQVSRVVqGHQWSOXVLHXUVPRUSKRORJLHV
Figure 1.1B S\UDPLGDOHV ELS\UDPLGDOHV FXERwGHV VSKpULTXHV RX DPRUSKHV )HGHULFL et 
al.+HUiQGH])HUQiQGH] et al.HWSHXYHQWrWUHDXVVLJUDQGHVTXHP%HFKWHO

HW%XOOD)HQJ et al.)HGHULFL et al.HWFigure 1.1B/DWR[LFLWpLQVHFWLFLGH
VSpFLILTXH GH OD VRXFKH EDFWpULHQQH HVW OLpH j ODPRUSKRORJLH GHV FULVWDX[ 0LNNROD et al.
)HQJ et al.&KDTXHW\SHGHFULVWDOSHXWFRQWHQLUXQHRXSOXVLHXUVįHQGRWR[LQHV
Figure 1.1B &HV GHUQLqUHV VRQW OLpHV SDU XQH VpULH G¶LQWHUDFWLRQV WHOOHV TXH OHV OLDLVRQV
K\GURJqQHOHVSRQWVGLVXOIXUHHWO¶K\GURSKRELFLWp%XOOD et al.&KRPDHW.DSODQ
$URQVRQ/HFRQWHQXGHVįHQGRWR[LQHVYDULHVHORQODVRXFKHEDFWpULHQQH

Figure 1.1. G¶DSUqV )HGHULFL et al 
A. 0LFURJUDSKHG¶XQEDFLOOHGH7KXULQJHYDU
israelensis HQ SKDVH GH VSRUXODWLRQ HW GH
SURGXFWLRQ GH OD VSRUH 6S DLQVL TXH GH
O¶LQFOXVLRQ FULVWDOOLQH SDUDVSRUDOH 3%
FRQWHQDQW GHV SURWpLQHV LQVHFWLFLGHV
B.0LFURVFRSLH pOHFWURQLTXH j EDOD\DJH GHV
FULVWDX[ SXULILpV SURGXLWV SDU OD VRXFKH Bt
YDU kurtsaki +' /HV IOqFKHV QRLUHV
LQGLTXHQWOHVSURWpLQHV&U\WURXYpHVGDQVFHV
FULVWDX[&HVSURWpLQHVVRQWWR[LTXHVSRXUOHV
ODUYHV GH OpSLGRSWqUHV /D EDUUH G¶pFKHOOH
UHSUpVHQWH XQH GLPHQVLRQ DSSUR[LPDWLYH GH
PGDQVOHVSDQQHDX[$HW%





1.1.2  Les į-endotoxines de Bt
/HV įHQGRWR[LQHV FULVWDOOLQHV GHBt VRQW FRGpHV SDU XQ RX SOXVLHXUV JqQHV ORFDOLVpV
GDQV OHV SODVPLGHV G¶$'1 HW GDQV O¶$'1 FKURPRVRPLTXH GH OD EDFWpULH /D WDLOOH GH FHV
SODVPLGHVYDULHVHORQODVRXVHVSqFHHWOHVpURW\SH5ROOH et al.

1.1.2.1 Diversité et classification des į-endotoxines  
/H FORQDJH HW OH VpTXHQoDJH GHV SUHPLHUV JqQHV cry RQW pWp UpDOLVpV SDU 6FKQHSI HW
:KLWHOH\HW+HOGet al.'HSXLVOHVVpTXHQFHVQXFOpRWLGLTXHVGHSOXVTXH
JqQHV cry RQW pWp UDSSRUWpHV +|IWH HW:KLWHOH\  IXUHQW OHV SUHPLHUV j SURSRVHU XQ
V\VWqPH GH FODVVLILFDWLRQ GH OD YDVWH GLYHUVLWp GHV įHQGRWR[LQHV EDVp VXU OH GHJUp
G¶KRPRORJLH GH OHXUV VpTXHQFHV HQ DFLGHV DPLQpV DLQVL TXH VXU OHXU VSHFWUH G¶DFWLYLWp
LQVHFWLFLGH,OHQUpVXOWHGHX[IDPLOOHVSULQFLSDOHVGHSURWpLQHVGpVLJQpHV©&U\ªHW©&\Wª
Tableau 1.1/DIDPLOOHGHVSURWpLQHV&U\VHGLYLVHVHORQOHVSHFWUHG¶DFWLYLWpLQVHFWLFLGH
HQ TXDWUH JUDQGHV FODVVHV ,± /pSLGRSWqUHV ,, /pSLGRSWqUHV HW GLSWqUHV ,,,&ROpRSWqUHV
,9'LSWqUHV 'HX[ QRXYHOOHV FODVVHV DFWLYHV FRQWUH OHV QpPDWRGHV &U\9 &U\9$D
&U\9$E&U\9%&U\9&HW&U\9,&U\9,$&U\9,%RQWpWpDMRXWpHVSOXVWDUGDLQVLTXH
SOXVLHXUVQRXYHDX[JqQHVDSSDUWHQDQW DX[FODVVHVSUpFpGHPPHQWGpILQLHV WHOOHVTXH&U\,)
&U\,*&U\,,,%&U\,,,&&U\,,,'HW&U\,,,()HLWHOVRQ et al.7RXWHVFHVFODVVHVRQW
SDU OD VXLWH pWp GLYLVpHV HQ SOXVLHXUV VRXVFODVVHV VHORQ OHXU GHJUp G¶LGHQWLWp GH VpTXHQFHV
SULPDLUHV3DUH[HPSOHV OHV WR[LQHV&U\,$D&U\,$E HW&U\,$FDSSDUWHQDQWj ODVRXV
FODVVH&U\,$SDUWDJHQWXQHKRPRORJLHGHVpTXHQFHGH


Tableau 1.1. &ODVVLILFDWLRQ VSpFLILFLWp HW FDUDFWpULVWLTXHV GHV įHQGRWR[LQHV GHBt G¶DSUqV
+|IWHHW:KLWHOH\
į-Endotoxines 

Poids 
moléculaire
de la 
protoxine 
(kDa)
Ordre 
d’insectes
cibles *
Souches 
représentatives de 
Bt
Structure 
typique des 
cristaux
&U\,^
$DEF
%&'`
 /
kurstaki+'
thuringiensis+'
berliner
aizawaisotto
entomocidus 
%LS\UDPLGDOH
&U\,,$% 

/'

kurstaki +'
+' &XERwGH
&U\,,,$  &
san diego
tenebrionis
EG2158 
3ODW
5KRPERpGULTXH
&U\,9$%&'  ' israelensis
&\OLQGULTXH
6SKpULTXH
%LS\UDPLGDOH
&\W$ 
'
F\WRO\WLTXH
QRQ
VSpFLILTXH
israelensis
morrisoni 3* 6SKpULTXH
//pSLGRSWqUHV&&ROpRSWqUHV''LSWqUHV
'H QRXYHOOHV įHQGRWR[LQHV RQW pWp UpJXOLqUHPHQW LGHQWLILpHV QpFHVVLWDQW TX¶XQH
QRXYHOOH QRPHQFODWXUH EDVpH XQLTXHPHQW VXU O¶LGHQWLWp GHV VpTXHQFHV VRLW pWDEOLH FRPPH

SURSRVp SDU &ULFNPRUH et al.  (OOH UHIOqWH OH GHJUp GH SDUHQWp HW GH GLYHUJHQFH
pYROXWLYH GHV JqQHV FRGDQW SRXU OHV įHQGRWR[LQHV 'DQV FHWWH QRPHQFODWXUH OHV FKLIIUHV
URPDLQV VRQW UHPSODFpV SDU GHV FKLIIUHV DUDEHV HW OHV SDUHQWKqVHV VRQW pOLPLQpHV$LQVL OH
&U\,$D GHYLHQW &U\$D 8Q QRP XQLTXH HVW DWWULEXp j FKDTXH QRXYHOOH WR[LQH LQWpJUDQW
TXDWUH UDQJVSDUH[HPSOH&U\$D/HV OLPLWHVG¶LGHQWLWpVGHVVpTXHQFHVXWLOLVpHVSRXU OD
FODVVLILFDWLRQGHVQRXYHDX[JqQHVVRQWGHHWVXLYDQWOHUDQJ8QHLGHQWLWp
HQWUHHWDSSRUWHXQHQRXYHOOHOHWWUHPDMXVFXOHDXGHX[LqPHUDQJWDQGLVTXH
j  DSSRUWH XQH QRXYHOOH OHWWUH PLQXVFXOH DX WURLVLqPH UDQJ XQ TXDWULqPH FKLIIUH HVW
DMRXWpSRXUWHQLUFRPSWHGHVJqQHVDOOqOHVLGHQWLWpGHVpTXHQFH!3OXVLHXUHVWR[LQHV
&U\ RQWpWpUHQRPPpHVGDQVOHFDGUHGXQRXYHDXV\VWqPH$LQVLOH&U\,9&HW&U\,9'VRQW
GHYHQXHV &U\$ HW &U\$ UHVSHFWLYHPHQW 'DQV QRWUH pWXGH OD QRXYHOOH QRPHQFODWXUH
VHUDXWLOLVpHjO¶H[FHSWLRQGHVFLWDWLRQVRO¶DQFLHQQHQRPHQFODWXUHDpWpXWLOLVpH
/HVHIIHWV WR[LTXHVGHVWR[LQHV&U\RQWDXVVLpWpREVHUYpVFKH]G¶DXWUHVPHPEUHVGH
SOXVLHXUVSK\ODG¶LQYHUWpEUpVWHOVTXHOHVQpPDWRGHVHWOHVSURWR]RDLUHV6FKQHSI et al.
/HVWR[LQHV&\WVRQWSULQFLSDOHPHQWVSpFLILTXHVDX[ODUYHVGHVGLSWqUHV'HVJqQHVcyt
RQWpWpDXVVLLGHQWLILpVGDQVGHVVRXFKHVDFWLYHVFRQWUHVGHVOpSLGRSWqUHVHWFROpRSWqUHV(OOHV
SUpVHQWHQW DXVVL XQH DFWLYLWp F\WRO\WLTXH FRQWUH XQH YDULpWp GH FHOOXOHV G¶LQYHUWpEUpV HW
YHUWpEUpVDLQVLTXHFHUWDLQHVFHOOXOHVGHPDPPLIqUHV6FKQHSI et al.
/DOLVWHDFWXHOOHGHJqQHVGHVįHQGRWR[LQHVYDGHVJURXSHVGHVFODVVHV&U\$Dj&U\$D
HWGH&\Wj&\W&ULFNPRUH et al.


1.1.2.2 Structure primaire des į-endotoxines Cry
/HVLQFOXVLRQVFULVWDOOLQHVGHBtVRQWFRQVWLWXpHVGHįHQGRWR[LQHVV\QWKpWLVpHVHQWDQW
TXH SURWR[LQHV LQDFWLYHV /HXU HIIHW WR[LTXH HVW DWWULEXp j OHXU IRUPH DFWLYH REWHQXH SDU
SURWpRO\VH GDQV OD OXPLqUH LQWHVWLQDOH GHV LQVHFWHV FLEOHV /D VWUXFWXUH SULPDLUH GHV į
HQGRWR[LQHVYDULHVHORQOHVJqQHVTXLOHVHQFRGHQWHWOHVVpTXHQFHVGHVSURWR[LQHVGHBtVRQW
GH WDLOOHV GLIIpUHQWHV DWWHLJQDQW XQ PD[LPXP G¶HQYLURQ  DFLGHV DPLQpV SRXU OHV
SURWR[LQHV&U\HWSRXUOHV&\W8QHUHSUpVHQWDWLRQOLQpDLUHVFKpPDWLVpHG¶XQHSURWR[LQH
W\SLTXHGHODFODVVH&U\HVWLOOXVWUpHjODFigure 1.2/HVVpTXHQFHVGHVSURWR[LQHVGXW\SH
&U\OHVPLHX[FDUDFWpULVpHVPRQWUHQWXQHRUJDQLVDWLRQHQGHX[UpJLRQVFigure 1.2XQH
UpJLRQWR[LTXHORFDOLVpHGDQVODPRLWLp1WHUPLQDOHGHODSURWR[LQHHWXQHUpJLRQVWUXFWXUHOOH
VLWXpHGDQVODSDUWLH&WHUPLQDOH+|IWHHW:KLWHOH\(QGpSLWGHOHXUGLYHUVLWpSUHVTXH
WRXWHVOHVWR[LQHV&U\DFWLYpHVSRVVqGHQWFLQTEORFVGHVpTXHQFHVG¶DFLGHVDPLQpVKDXWHPHQW
FRQVHUYpV 6FKQHSI et al.  DLQVL TX¶XQH UpJLRQ K\GURSKREH + VLWXpH DX QLYHDX GHV
SUHPLHUV  DFLGHV DPLQpV GH OD UpJLRQ1WHUPLQDOH +|IWH HW:KLWHOH\ &HV EORFV
VRQW LOOXVWUpV VFKpPDWLTXHPHQW GDQV ODFigure 1.2 /HV SURWR[LQHV &U\ D\DQW SOXV GH 
DFLGHV DPLQpV SRVVqGHQW GDQV OD UpJLRQ &WHUPLQDOH WURLV EORFV FRQVHUYpV VXSSOpPHQWDLUHV
EORFVHWFigure 1.2
/D SDUWLH VWUXFWXUHOOH &WHUPLQDOH HVW OD UpJLRQ OD SOXV FRQVHUYpH PDLV Q¶HVW SDV
HVVHQWLHOOH SRXU OD WR[LFLWp (Q WDQW TXH UpJLRQ WUqV ULFKH HQ F\VWpLQHV GH  j  
SHUPHWWDQW OD IRUPDWLRQ GH  j  SRQWV GLVXOIXUH HOOH FRQWULEXH j O¶DVVHPEODJH OD
FULVWDOOLVDWLRQ OD VWDELOLWp HW O¶LQVROXELOLWpGX FULVWDO +|IWH HW:KLWHOH\ %LHWORW et al.
 *LOO et al.  /D UpGXFWLRQ GHV SRQWV GLVXOIXUH PqQH j OD VROXELOLVDWLRQ GH

O¶LQFOXVLRQSDUDVSRUDOHFULVWDOOLQHTXLSRXUODSOXSDUWGHVSURWR[LQHV&U\VHSURGXLWjXQS+
DOFDOLQ GDQV O¶LQWHVWLQ GH O¶LQVHFWH /HV SURWR[LQHV VROXELOLVpHV VRQW HQVXLWH FRQYHUWLHV SDU
SURWpRO\VHHQWR[LQHVDFWLYpHVFigure 1.2

Figure 1.2.5HSUpVHQWDWLRQOLQpDLUHVFKpPDWLVpHG¶XQHWR[LQHW\SLTXHGH ODFODVVH&U\/HV
EORFVGHVpTXHQFHFRQVHUYpVSDUPLOHVWR[LQHV&U\VRQWUHSUpVHQWpVSDUOHVUHFWDQJOHVHQJULV

/HFOLYDJHSURWpRO\WLTXHGHVSURWR[LQHV LPSOLTXHDXPRLQVGHX[VLWHVFRQVHUYpVXQ
VLWHGDQV OD UpJLRQ1WHUPLQDOHTXL UpVXOWHGDQV OHFOLYDJHG¶HQYLURQjDFLGHV DPLQpV
SRXUOHVWR[LQHV&U\&U\&U\HWXQGHX[LqPHVLWHGHFOLYDJHTXLUpVXOWHHQODFRXSXUHGH
OD PRLWLp GH OD SURWR[LQH GDQV VD SDUWLH &WHUPLQDOH GDQV OH FDV GHV SURWR[LQHV ORQJXHV
PROTOXINE
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
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
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
6FKQHSI et al.GH0DDJG et al.Figure 1.23RXUOHVWR[LQHV&U\$DFWLYpHVOD
UpJLRQWR[LTXHVHWURXYHJpQpUDOHPHQWGDQVODUpJLRQOLPLWpHSDUOHVDFLGHVDPLQpVjGX
F{Wp1WHUPLQDO HW  j  GX F{Wp&WHUPLQDO /D SURWpRO\VH FRQYHUWLW OHV SURWR[LQHV GH
PDVVH PROpFXODLUH  N'D HQ IUDJPHQWV WR[LTXHV W\SLTXHPHQW GH  N'D HW
UpVLVWDQWVDX[SURWpDVHV6FKQHSIHW:KLWHOH\+|IWH et al.

1.1.2.3 Structure tridimensionQHOOHGHVį-endotoxines Cry activées
/DSUHPLqUHVWUXFWXUHWULGLPHQVLRQQHOOHG¶XQHWR[LQHBt DFWLYpHOH&U\$IXWUpVROXH
SDUFULVWDOORJUDSKLHDX[UD\RQV;HQ/L et al.'HSXLVOHVVWUXFWXUHVFULVWDOOLQHV
GH VHSW DXWUHV WR[LQHV &U\ VRQW GLVSRQLEOHV  &U\$D *URFKXOVNL et al.  &U\$D
0RUVH et al.  &U\$D /L et al.  &U\%E *DOLWVN\ et al.  &U\$D
%RRQVHUP et al.&U\%D%RRQVHUP et al.HW&U\(D*XR et al.&HV
VWUXFWXUHVRQWXQHRUJDQLVDWLRQWULGLPHQVLRQQHOOHWUqVVHPEODEOHTXLFRQVLVWHHQXQUHSOLHPHQW
HQ WURLV GRPDLQHV VWUXFWXUHOV WHO TX¶LOOXVWUp GDQV ODFigure 1.3 SRXU OD WR[LQH &U\$D /H
domaine IHVWVLWXpGDQV ODSRUWLRQ1WHUPLQDOH ,O FRPSRUWHXQHQVHPEOHGHVHSWKpOLFHVĮ
DYHFO¶KpOLFHFRQVWLWXpHGHGHX[SHWLWHVKpOLFHVĮDHWĮEGRQWVL[VRQWDPSKLSDWKLTXHVHW
HQWRXUHQW O¶KpOLFH  &HWWH GHUQLqUH HVW K\GURSKREH HW SODFpH DX FHQWUH GX GRPDLQH , &H
GRPDLQH V¶pWHQGGX UpVLGXDX UpVLGXHWFRPSRUWH OHEORF TXLHQJOREH O¶KpOLFH
DLQVL TX¶XQH SDUWLH GX EORF  TXL LQFOXW ODPRLWLp GH O¶KpOLFH  O¶KpOLFH  DX FRPSOHW HW OH
SUHPLHUIHXLOOHWȕGXGRPDLQH,,*URFKXOVNL et al./HGRPDLQH,HVWUHVSRQVDEOHGHOD
WR[LFLWp SDU VRQ LQVHUWLRQ GDQV OD PHPEUDQH HW OD IRUPDWLRQ GHV SRUHV RX FDQDX[
WUDQVPHPEUDQDLUHV *D]LW HW 6KDL  :DOWHUV et al.  9RQ 7HUVFK et al. 

$URQVRQ et al.6FKZDUW] et al.D$URQVRQ et al.5DQJ et al.9DFKRQ
et al.E*LUDUG et al.*LUDUG et al.D*LUDUG et al.E/HEHO et al.
/H domaine II Figure 1.3 HVWODUpJLRQODSOXVYDULDEOHSDUPLOHVWR[LQHV&U\3RXU
OD &U\$D LO V¶pWHQG HQWUH OHV UpVLGXV  HW  HW VH FRPSRVH GH WURLV IHXLOOHWV ȕ
DQWLSDUDOOqOHVGHTXDWUHEULQVFKDFXQIRUPDQWXQHVWUXFWXUHFRQQXHVRXVOHQRPGHSULVPHȕ
RXGHPRWLIHQFOpJUHFTXHDYHFGHVUpJLRQVSRVVpGDQWGHVERXFOHVH[SRVpHVDXVROYDQWDLQVL
TXHGHX[WUqVSHWLWHVKpOLFHVĮ*URFKXOVNL et al./HGRPDLQH,,HVWLPSOLTXpGDQVOD
VpOHFWLYLWpGHOD WR[LQHTXLHVWGpWHUPLQpHSDU ODUHFRQQDLVVDQFHHW OD OLDLVRQDX[UpFHSWHXUV
VSpFLILTXHV VH VLWXDQWGDQV ODPHPEUDQH DSLFDOH GHV FHOOXOHV LQWHVWLQDOHV GHV LQVHFWHV FLEOHV
:LQGHUHW:KLWHOH\6FKQHSI et al./L et al.*LOO et al./X et al.
0DVVRQ et al.5DMDPRKDQ et al.-HQNLQV et al.*RPH] et al.
/HGRPDLQH,,MRXHXQU{OHSULPRUGLDOGDQVODOLDLVRQDX[UpFHSWHXUV3DUH[HPSOH/Xet al
RQWGpPRQWUpTXH OD VXEVWLWXWLRQRX OD VXSSUHVVLRQGHV UpVLGXVGH OD WR[LQH
&U\$DPHQDLWjODSHUWHSUHVTXHFRPSOqWHGHODWR[LFLWpGHODWR[LQHSRXUO¶LQVHFWHBombyx 
mori YHU j VRLH(Q IDLW OHV VpOHFWLYLWpV GLIIpUHQWHV GHV WR[LQHV&U\ RQW pWp DVVRFLpHV j OD
YDULDELOLWpREVHUYpHGDQVOHGRPDLQH,,GHFHVWR[LQHV
/H domaine III Figure 1.3VHVLWXHGDQVODUpJLRQ&WHUPLQDOHGHODWR[LQHDFWLYpHHW
HVWFRQVWLWXpGHGHX[IHXLOOHWVȕDQWLSDUDOOqOHVLPEULTXpVGDQVXQHVWUXFWXUHGpFULWHFRPPHXQ
VDQGZLFKȕ3RXUOD&U\$DLOV¶pWHQGHQWUHOHVUpVLGXVHW&¶HVWOHGRPDLQHOHSOXV
FRQVHUYpRVRQW ORFDOLVpV OHVEORFVHW'HVpWXGHVRQWVXJJpUpTXHFHGRPDLQH MRXH
DXVVL XQ U{OH GDQV OD UHFRQQDLVVDQFH HW OD OLDLVRQ GHV WR[LQHV j OHXUV UpFHSWHXUV VSpFLILTXHV
&KHQ et al.%RVFK et al.0DVVRQ et al.$URQVRQ et al./HH et al.

 GH0DDJG et al. D GH0DDJG et al. E 6FKZDUW] et al. F /HH et al.
GH0DDJG et al.6DPLU et al.0DVVRQ et al.







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

Figure 1.3. 6WUXFWXUHWULGLPHQVLRQQHOOHpOXFLGpHGHODWR[LQHDFWLYpH&U\$DHQYXHODWpUDOH
$HWGHGHVVXV%UpVROXHjcSDUGLIIUDFWLRQGHVUD\RQV;*URFKXOVNL et al.
/H 'RPDLQH , HQ URXJH SRVVqGH VHSW KpOLFHV Į OH 'RPDLQH ,, HQ EOHX WURLV IHXLOOHWV ȕ
DQWLSDUDOOqOHVHWOH'RPDLQH,,,HQYHUWGHX[IHXLOOHWVȕDQWLSDUDOOqOHVHQIRUPHGHVDQGZLFK

3DUH[HPSOH6FKZDUW]et al.FRQWGpPRQWUpTXHGHVPXWDWLRQVIDLWHVDXQLYHDX
GHVDUJLQLQHVGXEORFGHOD WR[LQH&U\,$DUpGXLVHQWGHIDoRQFRQVLGpUDEOHODFRQGXFWDQFH
GHVFDQDX[IRUPpVHQ%/3VXJJpUDQWO¶LPSOLFDWLRQGXGRPDLQH,,,GDQVODWR[LFLWpGH&U\,$D
'HVPXWDWLRQVVLPLODLUHVIDLWHVVXU&U\$FFDXVHQWXQHWUqVIRUWHUpGXFWLRQGHODWR[LFLWpVXU
OHV FHOOXOHV&IGH OD WRUGHXVHGHVERXUJHRQVGH O¶pSLQHWWHChoristoneura fumiferana HW OHV
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
ODUYHVGH OD WHLJQHGHVFUXFLIqUHVPlutella xylostella 0DVVRQ et al./DPXWDWLRQGHV
6HU HW 6HU GX GRPDLQH ,,, GH&U\$F UpGXLW OD WR[LFLWp GH OD WR[LQH SRXUManduca 
sexta DLQVL TXH VRQ DIILQLWp GH OLDLVRQ DX[ YpVLFXOHV GH OD PHPEUDQH j ERUGXUH HQ EURVVH
90%%GHO¶LQWHVWLQGHO¶LQVHFWH$URQVRQ et al.

1.2 Mode d’action des toxines Cry
 
/HVSURSULpWpV LQVHFWLFLGHVGHV WR[LQHVGHBt UpVLGHQWGDQV OHXUFDSDFLWpG¶LQWR[LTXHU
OHVODUYHVGHVLQVHFWHVVXVFHSWLEOHV(QGpSLWGHGLIIpUHQFHVREVHUYpHVGDQVOHXUVVpTXHQFHVHW
OHXUV VSHFWUHV LQVHFWLFLGHVXQJUDQGQRPEUHGH WR[LQHV&U\ j WURLVGRPDLQHVSRVVqGHQWXQH
PRGH G¶DFWLRQ WUqV VLPLODLUH &HSHQGDQW PDOJUp O¶DYDQFHPHQW GHV FRQQDLVVDQFHV GDQV
O¶pOXFLGDWLRQ H[DFWH GH OHXU PRGH G¶DFWLRQ OH PpFDQLVPH SUpFLV HW FRPSOHW G¶LQWR[LFDWLRQ
UHVWHHQFRUHjFODULILHU-XVTX¶DXSUpVHQWOHXUPRGHG¶DFWLRQDpWpFDUDFWpULVpSULQFLSDOHPHQW
FKH] OHV LQVHFWHV OpSLGRSWqUHVHWSRXU OHV WR[LQHVDSSDUWHQDQWj OD IDPLOOH&U\$GHJUDQGH
LPSRUWDQFH FRPPHUFLDOH /HV pWXGHV IDLWHV RQW ELHQ GpPRQWUp TXH OD FLEOH SULPDLUH GHV
WR[LQHV&U\VRQWOHVFHOOXOHVpSLWKpOLDOHVHQFRORQQHGHO¶LQWHVWLQPR\HQODUYDLUHGHO¶LQVHFWH
+HLPSHOHW$QJXV+RIPDQQHW/WK\5RGULJR6LPyQ et al.3OXVLHXUV
K\SRWKqVHVRQWpWpSURSRVpHVDXILOGHVDQQpHV/HPpFDQLVPHG¶DFWLRQJpQpUDOHPHQWDFFHSWp
IDLWO¶REMHWGHSOXVLHXUVDUWLFOHVGHV\QWKqVH.QRZOHVHW(OODU*LOO et al.+RQpH
HW 9LVVHU  9DGODPXGL et al.  6FKQHSI et al.  GH 0DDJG et al. 
8SDGK\D\  %UDYR et al.  )HGHULFL et al.  9DFKRQ et al.  &¶HVW XQ
PpFDQLVPHFRPSRVpG¶XQHFDVFDGHG¶pYpQHPHQWVPXOWLSOHVTXLFRPSRUWHSOXVLHXUVpWDSHV
O¶LQJHVWLRQGHO¶LQFOXVLRQFULVWDOOLQHSDUO¶LQVHFWHODGLVVROXWLRQGXFULVWDOSDUOHS+DOFDOLQ

GXVXFLQWHVWLQDOHWODOLEpUDWLRQGHVSURWR[LQHVGHGLIIpUHQWHVORQJXHXUVODIRUPDWLRQGHOD
WR[LQHDFWLYpHUpVXOWDQWGHODVROXELOLVDWLRQGHODSURWR[LQHSDUOHS+DOFDOLQLQWHVWLQDOHWVRQ
DFWLYDWLRQ SDU GHV SURWpDVHV LQWHVWLQDOHV  OD OLDLVRQ GH OD WR[LQH DFWLYpH j VHV UpFHSWHXUV
VSpFLILTXHV TXL VH WURXYHQW j OD VXUIDFH DSLFDOH GHV FHOOXOHV pSLWKpOLDOHV HQ FRORQQH GH
O¶LQWHVWLQPR\HQO¶LQVHUWLRQGHODWR[LQHHWODIRUPDWLRQGHSRUHVGDQVODPHPEUDQHDSLFDOH
GHV FHOOXOHV pSLWKpOLDOHV TXL PqQHQW j O¶DEROLWLRQ GHV JUDGLHQWV LRQLTXHV HW pOHFWULTXHV
WUDQVPHPEUDQDLUHVDLQVLTXHGHO¶pTXLOLEUHRVPRWLTXHHQILQODO\VHRVPRWLTXHFROORwGDOH
GHVFHOOXOHVpSLWKpOLDOHVHWODPRUWVXEVpTXHQWHGHO¶LQVHFWHYRLUVHFWLRQ
/H PpFDQLVPH G¶DFWLRQ GHV WR[LQHV &\W HVW GLIIpUHQW &HOOHVFL LQWHUDJLVVHQW
GLUHFWHPHQWDYHFOHVOLSLGHVPHPEUDQDLUHVHWODGHVWUXFWLRQGHODPHPEUDQHFHOOXODLUHVHIDLW
VRLWYLDODIRUPDWLRQGHVSRUHVVRLWSDUXQHIIHWGpWHUJHQW%XWNR

1.2.1 Ingestion de l’inclusion cristalline et solubilisation des cristaux
/HVSURWpLQHV&U\QHVRQW WR[LTXHVTXHORUVTXHOHVFULVWDX[SDUDVSRUDX[VRQW LQJpUpV
SDU OHV ODUYHV GHV LQVHFWHV FLEOHV HW O¶LQJHVWLRQ VRXV OD IRUPH G¶LQFOXVLRQ FULVWDOOLQH GH
SURWR[LQH RX GH WR[LQH DFWLYpH D OHPrPH HIIHW VXU OHV LQVHFWHV K{WHV YDQ )UDQNHQKX\]HQ
 /D GLVVROXWLRQ GHV LQFOXVLRQV FULVWDOOLQHV HW OD OLEpUDWLRQ GHV SURWR[LQHV QpFHVVLWH OH
FOLYDJH GHV SRQWV GLVXOIXUHV %LHWORW et al.  FH TXL VH SURGXLW VRXV O¶HIIHW GHV S+
H[WUrPHVGHO¶LQWHVWLQPR\HQGHVLQVHFWHVFLEOHVIRUWHPHQWDOFDOLQFKH]OHVODUYHVOpSLGRSWqUHV
HWOHVGLSWqUHVHWIRUWHPHQWDFLGHVFKH]FHOOHVGHFROpRSWqUHV3ULHWR6DPVyQRYHWDO
&HUWDLQHVLQFOXVLRQVFULVWDOOLQHVVHVROXELOLVHQWVHXOHPHQWjXQHYDOHXUGHS+VSpFLILTXHHWOH

PDQTXHGHVROXELOLVDWLRQGXFULVWDODpWpGLUHFWHPHQWUHOLpjO¶DEVHQFHGHWR[LFLWp$URQVRQ et 
al.'X et al.0F*DXJKH\

1.2.2 Activation des protoxines Cry
/D GLVVROXWLRQ GX FULVWDO GDQV OH PLOLHX IRUWHPHQW DOFDOLQ GH O¶LQWHVWLQ GHV LQVHFWHV
FLEOpVPqQH j OD OLEpUDWLRQGH ODSURWR[LQH VXLYLHSDU VDGLJHVWLRQSURWpRO\WLTXHSURGXLVDQW
DLQVL OD WR[LQH DFWLYpH /HV SURWR[LQHV Bt OLEpUpHV VXLWH j OD VROXELOLVDWLRQ GX FULVWDO VRQW
K\GURO\VpHVGDQVOHXUIRUPHDFWLYpHSDUGHVSURWpDVHVGHW\SHVpULQHSUpVHQWHVGDQVO¶LQWHVWLQ
GHVODUYHVGHVLQVHFWHVFLEOHV+|IWHHW:KLWHOH\7HUUDHW)HUUHLUD2SSHUW et al.
3DQJ et al. ,ODpWpGpPRQWUpTX¶XQHSURWR[LQHSHXWGHYHQLUDFWLYHFRQWUHXQH
ODUYH OpSLGRSWqUH RX GLSWqUH VHORQ OHV SURWpDVHV XWLOLVpHV SRXU VRQ DFWLYDWLRQ 3DU H[HPSOH
ORUVTXHODIRUPHVROXELOLVpHGHODSURWR[LQHGHN'DGHBtYDUaizawaiHVWDFWLYpHDYHFOH
VXFLQWHVWLQDOGHOpSLGRSWqUHPierisbrassicae OD WR[LQHDFWLYpHWXHPbrassicaeHW OHGLSWqUH
Aedesaegypti(QUHYDQFKHTXDQGO¶DFWLYDWLRQDpWpIDLWHDYHFOHVXFLQWHVWLQDOGHAaegypti
ODWR[LQHDFWLYpHWXHVHXOHPHQWFHGHUQLHU.QRZOHV et al.

1.2.3 Liaison de toxines Cry aux récepteurs  
/HV WR[LQHV &U\ DFWLYpHV GLIIXVHQW j WUDYHUV OD PHPEUDQH SpULWURSKLTXH TXL FRXYUH
O¶pSLWKpOLXP GH O¶LQWHVWLQ GHV OpSLGRSWqUHV :KDORQ HW :LQJHUG  3DU OD VXLWH LO HVW
JpQpUDOHPHQW pWDEOL TXH O¶LQWR[LFDWLRQ SDU FHV WR[LQHV LPSOLTXH OHXU UHFRQQDLVVDQFH HW OHXU
OLDLVRQ j GHV UpFHSWHXUV VSpFLILTXHV SURWpLQHV PHPEUDQDLUHV VLWXpV j OD VXUIDFH GH OD
PHPEUDQH HQ ERUGXUH HQ EURVVH 0%% GHV FHOOXOHV pSLWKpOLDOHV HQ FRORQQH GH O¶LQWHVWLQ

PR\HQGHVLQVHFWHVFLEOHV3RXUOHVWR[LQHV&U\OHVSOXVpWXGLpHVSOXVLHXUVSURWpLQHVRQWpWp
LGHQWLILpHV FRPPH UpFHSWHXUV GHV DPLQRSHSWLGDVHV GH W\SH 1 RX $31 j DQFUHV *3,
JO\FRV\OSKRVSKDWLG\OLQRVLWRO GHV UpFHSWHXUV GH W\SH FDGKpULQH FDOFLXPGpSHQGDQWH RX
&'+XQHSKRVSKDWDVHDOFDOLQHRX3$/jDQFUH*3,XQHSURWpLQHJO\FRFRQMXJXp%75
GHN'DHWXQHSURWpLQHGHN'D

1.2.3.1 Récepteurs APN
/HV UpFHSWHXUV $31 FRQVWLWXHQW OD SUHPLqUH FODVVH GH UpFHSWHXUV LGHQWLILpV FKH] OHV
OpSLGRSWqUHV&KH]FHVGHUQLHUVO¶$31HVWXQHSURWpLQHPHPEUDQDLUHDQFUpHjO¶pSLWKpOLXPGH
O¶LQWHVWLQ SDU O¶LQWHUPpGLDLUH GH VD UpJLRQ &WHUPLQDOH SDU XQ *3, :DQJ et al. 
3OXVLHXUVLVRIRUPHVG¶$31GHSRLGVPROpFXODLUHVYDULDQWGHjN'DRQWpWpLGHQWLILpHV
FRPPHUpFHSWHXUVGHWR[LQHV&U\TXLRQWpWpGLYLVpVHQFLQTFODVVHVSK\ORJpQpWLTXHVVHORQ
OHXUV FDUDFWpULVWLTXHV VWUXFWXUHOOHV HW GH OLDLVRQV DX[ WR[LQHV &U\ +HUUHUR et al. 
$JUDZDO et al.3LJRWWHW(OODU
/H SUHPLHU UpFHSWHXU $31 D pWp ORFDOLVp GDQV OD PHPEUDQH DSLFDOH HQ ERUGXUH HQ
EURVVHGHM. sextaSRXUODWR[LQH&U\$F.QLJKW et al..QLJKW et al.,OV¶DJLW
G¶XQH SURWpLQH GH  N'D GH OD FODVVH $31 &HWWH SURWpLQH OLH DXVVL VSpFLILTXHPHQW OHV
&U\$FFKH]ODVSRQJLHXVH Lymantria dispar9DODLWLV et al.-HQNLQV et al.HWOD
WRUGHXVH GHV ERXUJHRQV GX WDEDFHeliothis virescens *LOO et al.  ,O H[LVWH SOXVLHXUV
SRVVLELOLWpV GH OLDLVRQ'¶XQH SDUW XQH WR[LQH SHXW VH OLHU j GLIIpUHQWV W\SHV GH UpFHSWHXUV
$LQVLSRXUODWR[LQH&U\$FGHX[DXWUHVUpFHSWHXUV$31GHSRLGVPROpFXODLUHVGHN'D
/XR et al.  HW N'D %DQNV et al. RQW pWp LGHQWLILpV FKH] OH OpSLGRSWqUHH. 

virescens3RXUOD&U\&OHUpFHSWHXUFKH]M. sextaHVWXQH$31GHN'D/XR et al.
HWXQUpFHSWHXU$31SRXU&U\&DDXVVLpWpLGHQWLILpFKH]Bombyx mori<DRL et al.
 '¶DXWUH SDUW XQ W\SH GH UpFHSWHXU SHXW OLHU GLIIpUHQWHV WR[LQHV 3DU H[HPSOH HQ
XWLOLVDQWO¶DQDO\VHSDUELRFDSWHXURSWLTXH0DVVRQHWDORQWGpPRQWUpTXHOHVWR[LQHV
&U\$D&U\$DEHW&U\$FVHOLHQWDXPrPHUpFHSWHXU$31GHN'DGHM. sextaDYHF
OD &U\$F VH OLDQW j GHX[ VLWHV GLIIpUHQWV HW D\DQW GHV DIILQLWpV GLIIpUHQWHV 'H SOXV GHV
UpFHSWHXUV$31HWXQ$31SRXUOHVWR[LQHV&U\$RQWpWpLGHQWLILpVFKH]P. xylostella/XR
et al.E1DNDQLVKL et al.'HVUpFHSWHXUVGXW\SH$31SRXUOHV&U\$RQWpWp
LGHQWLILpVFKH]G¶DXWUHVLQVHFWHVFRPPHFKH]ODQRFWXHOOHGHODWRPDWHHelicoverpa armigera
5DMDQJRSDO et al.FKH]Lycaena dispar9DODLWLV et al.9DODLWLV et al.HW
FKH]B. mori 6KLWRPL et al.
'HV WR[LQHV &U\ VSpFLILTXHV SRXU OHV GLSWqUHV VH OLHQW DXVVL j GHV UpFHSWHXUV $31
$LQVL GHX[ UpFHSWHXUV $31 GH  N'D $31$QT HW  N'D $J$31 RQW pWp
LGHQWLILpVSRXUODWR[LQH&U\%DFKH]OHVPRXVWLTXHVAnopheles quadrimaculatus$EGXOODK
et al.HWAnopheles gambiae=KDQJ et al.UHVSHFWLYHPHQW

1.2.3.2 Récepteurs CDH 
/HVFDGKpULQHVVRQWGHVSURWpLQHVG¶DGKpVLRQFDOFLXPGpSHQGDQWHVTXLFRQVWLWXHQWXQH
JUDQGH IDPLOOH GH JO\FRSURWpLQHV WUDQVPHPEUDQDLUHV $QJVW et al.  /H SUHPLHU
UpFHSWHXUGH W\SH&'+ OHBt5DpWp LGHQWLILpHSDU LPPXQRSUpFLSLWDWLRQHWpOHFWURSKRUqVH
ELGLPHQVLRQQHOOHjSDUWLUGHVPHPEUDQHVjERUGXUHHQEURVVH0%%GHO¶LQWHVWLQPR\HQGH
M. sexta 9DGODPXGL et al.&HWWHSURWpLQHGHN'D OLH VSpFLILTXHPHQWHWjKDXWH

DIILQLWpOHVWR[LQHVGHODIDPLOOH&U\$&U\$D&U\$EHW&U\$F.HHWRQHW/$%XOOD
-U  &KH]B. mori FH W\SH GH UpFHSWHXUV HVW XQH SURWpLQH GH  N'D OHBT5
SDUWDJHDQW XQH KRPRORJLH GH VpTXHQFH GH   DYHF OHBt5 1DJDPDWVX et al. 
1DJDPDWVX et al.'HV UpFHSWHXUVGH W\SH&'+RQWDXVVLpWp LGHQWLILpVFKH]G¶DXWUHV
LQVHFWHVSRXUOHVWR[LQHV&U\$WHOVTXHFHX[GHODVRXFKHH. virescens<+'*DKDQ et al.
0RULQ et al.)ODQQDJDQ et al.;X et al.+XD et al.

1.2.3.3 Récepteur PAL
/HV SKRVSKDWDVHV DOFDOLQHV 3$/ VRQW XQH IDPLOOH G¶HQ]\PHV TXL FDWDO\VHQW
O¶K\GURO\VHGHVJURXSHPHQWVSKRVSKDWHVGHQRPEUHXVHVPROpFXOHV \FRPSULV OHVSURWpLQHV
'HVUpFHSWHXUV3$/jDQFUHV*3,RQWpWpREVHUYpVFKH]TXHOTXHVHVSqFHVFKH]H. virescens
XQHJO\FRSURWpLQHGHN'DSRXUOD&U\$F-XUDW)XHQWHVHW$GDQJHWXQHSURWpLQH
GHN'$SRXUOD&U\$F0F1DLOHW$GDQJHWFKH]OHGLSWqUHA AegyptiXQHDXWUH
SURWpLQHGHN'DSRXUOD&U\$D)HUQDQGH] et al.

1.2.3.4 Récepteurs glycolipides
'HVJO\FRVSK\QJROLSLGHVGDQVOHVFHOOXOHVLQWHVWLQDOHVGHQpPDWRGHVC elegansRQWpWp
LGHQWLILpV FRPPH UpFHSWHXUV GH OD WR[LQH &U\%D TXL IDLW O¶REMHW GH FHWWH SUpVHQWH pWXGH
*ULIILWV et al.&HVUpFHSWHXUVVRQWGpFULWVGDQVODVHFWLRQ/DOLDLVRQGHVWR[LQHV
LQVHFWLFLGHV&U\$D&U\$EHW&U\$FDX[JO\FROLSLGHVH[WUDLWVGHO¶LQWHVWLQPR\HQGHM. 
sexta D DXVVL pWp GpFULWH *ULIILWV et al.  VXJJpUDQW TXH FH W\SH GH UpFHSWHXUV SRXUUDLW
ELHQUHSUpVHQWHUXQHFODVVHGHUpFHSWHXUVSRXUFHVWR[LQHV


1.2.3.5 Autres récepteurs 
8QH SURWpLQH JO\FRFRQMXJXpH GH  N'D OH Bt5 IXW LGHQWLILpH GDQV OHV
PHPEUDQHVHQERUGXUHHQEURVVHGHODVSRQJLHXVHL. dispar(OOHVHOLHDYHFXQHKDXWHDIILQLWp
DX[ WR[LQHV&U\$D&U\$EHW&U\$F9DODLWLV et al.8Q UpFHSWHXUSXWDWLIGH
N'D 3 D pWp LVROp GDQV OHV0%% GHB. mori SRXU FHV WR[LQHV +RVVDLQ et al. 
+RVVDLQ et al.+RVVDLQ et al.3DQGLDQ et al.3OXVUpFHPPHQWXQHDXWUH
UpFHSWHXUSXWDWLI$%&&DSSDUWHQDQWjODFODVVHGHVWUDQVSRUWHXUV$%&HWTXLOLHODWR[LQH
&U\$FFKH]OHH. virescensDpWpLGHQWLILpH*DKDQ et al.

1.2.3.6 Mécanismes de liaison des toxines Cry aux récepteurs
8QHHVSqFHGH OpSLGRSWqUHSHXWSRVVpGHUXQRX SOXVLHXUV W\SHVGH UpFHSWHXUV$LQVL
FKH] M. sexta RQ WURXYH GHV UpFHSWHXUV $31 $3/ HW %75 SRXU OHV WR[LQHV &U\$D
&U\$EHW&U\$F&KHQ et al.8QHWR[LQHSHXWDYRLUDXVVLSOXVLHXUVVLWHVGHOLDLVRQV
9DQ5LH et al.:ROIHUVEHUJHU0DVVRQ et al.'HSOXV ODPrPH WR[LQH
SHXWVHOLHUDYHFGLIIpUHQWHVDIILQLWpVDX[GLIIpUHQWVUpFHSWHXUV3DUH[HPSOHOD&U\$EVHOLH
DXUpFHSWHXUBt5GHN'DGHM. sextaDYHFXQHDIILQLWpG¶HQYLURQQ0DORUVTX¶HOOHVH
OLHDXUpFHSWHXU$31GHM. sextaDYHFXQHDIILQLWpGHQ09DGODPXGL et al.&KH]
Helicoverpa armigera OHV GHX[ UpFHSWHXUV $31 +$$31 HW +$$31 SRVVqGHQW
GLIIpUHQWHVDIILQLWpVSRXUOHVWR[LQHV&U\$5DMDQJRSDO et al.'¶DXWUHSDUWOHVWR[LQHV
&U\$DHW&U\$ESRXUUDLHQWUHFRQQDvWUHOHPrPHVLWHGHOLDLVRQVXUXQUpFHSWHXU$31GHM. 
sextaDORUVTXHFKH]FHWLQVHFWHOD&U\$FVHOLHjGHX[VLWHVGLIIpUHQWVGXUpFHSWHXUFRPPXQ

0DVVRQ et al.&KH] OHV OpSLGRSWqUHVSalix exigua HWSpodoptera litura O¶DEVHQFHGX
UpFHSWHXUUHQGFHVLQVHFWHVUpVLVWDQWVDX[WR[LQHV&U\&HW&U\$F5DMRJRSDO et al.
+HUUHUR et al. 'HV H[SpULHQFHV HQPLFURVFRSLH j IRUFH DWRPLTXH GHV90%%GHM. 
sexta LQVpUpHV HQ %/3 /DIODPPH et al.  RQW PRQWUp OD IRUPDWLRQ GHV FRPSOH[HV
WR[LQHVUpFHSWHXUV SRXU &U\$D &U\$F HW &U\& DFWLYHV SRXUM. sexta DORUV TX¶DXFXQH
LQWHUDFWLRQVSpFLILTXHQ¶HVWREVHUYpHSRXU&U\%DTXLHVWLQDFWLYHSRXUFHWLQVHFWH/DOLDLVRQ
GHVWR[LQHVDX[UpFHSWHXUVVHPEOHFRPSOH[HHWFHODjSOXVLHXUVQLYHDX[3DUH[HPSOHG¶XQH
SDUWODOLDLVRQGHODWR[LQHjVRQUpFHSWHXUQ¶LPSOLTXHSDVQpFHVVDLUHPHQWXQHWR[LFLWpin vivo
+RIPDQQ HW /WK\  +RIPDQQ et al. D &KHQ et al.  '¶DXWUH SDUW XQH
FRUUpODWLRQ QpJDWLYH HQWUH OD OLDLVRQ DX[ UpFHSWHXUV HW OD WR[LFLWp D DXVVL pWp REVHUYpH
:ROIHUVEHUJHU  *DUF]\QVNL et al.  -HQNLQV et al.  /XR et al.  /D
OLDLVRQ DX UpFHSWHXU HW OD GLPLQXWLRQ GX QRPEUH RX GH O¶DIILQLWp GHV VLWHV UpFHSWHXUV VRQW
FRQVLGpUpHVFRPPHGHV IDFWHXUVPDMHXUVGXPDLQWLHQGH ODFDVFDGH WR[LTXHGHV WR[LQHV&U\
3LJRWWHW(OODU

1.2.3.7  Régions de liaison des récepteurs 
/¶LQWHUDFWLRQ GHV PHPEUHV GH OD IDPLOOH &U\$ DYHF OHXUV UpFHSWHXUV VSpFLILTXHV
LPSOLTXH XQ RX SOXVLHXUV VLWHV RX pSLWRSHV GH UpFHSWHXUV HW XQH RX SOXVLHXUV UpJLRQV GHV
GRPDLQHV,,HW,,,0DVVRQ et al.*yPH] et al.3LJRWWHW(OODU)HLO et al.
6REHURQ et al.,ODpWpGpPRQWUpSDUH[HPSOHTXHGHVPXWDWLRQVGHVDUJLQLQHV
DXQLYHDXGHODERXFOHGHGRPDLQH,,GHODWR[LQH&U\$FWR[LTXHSRXUM. sexta
HWL. disparUpGXLVHQWFRQVLGpUDEOHPHQWVDOLDLVRQDX[UpFHSWHXUV$31FKH]FHVGHX[LQVHFWHV

DLQVL TXH OD WR[LFLWp /HH et al.  'LIIpUHQWHV UpJLRQV GX GRPDLQH ,,, VRQW DXVVL
LPSOLTXpHV GDQV OD OLDLVRQ DX[ UpFHSWHXUV $31 3DU H[HPSOH OH GRPDLQH ,,, GH OD WR[LQH
&U\$F UHFRQQDvW XQH UpJLRQ DFpW\OJDODFWRVDPLQH1 *DO1$F GX UpFHSWHXU $31 GH M. 
sexta 0DVVRQ et al.9DODLWLV et al.-HQNLQV et al.$XPRLQVWURLVpSLWRSHV
GHOLDLVRQRQWpWpLGHQWLILpVGDQVOHUpFHSWHXU&'+GHM. sextaSRXUOHGRPDLQH,,GHWR[LQHV
&U\$'RUVFK et al.*yPH] et al.*yPH] et al.+XD et al.'HV
UpJLRQVVLPLODLUHVRQWpWpLGHQWLILpHVFKH]H. virescens;LH et al.HWB. mori$WVXPL et 
al.3RXUOHUpFHSWHXU$/3+Y$/3GHN'DGHH. virescensGHVROLJRVDFFKDULGHV
1FRQWHQDQWODUpJLRQ*DO1$FRQWpWpLGHQWLILpV-XUDW)XHQWHVHW$GDQJ'¶DXWUHVVLWHV
VSpFLILTXHVGHOLDLVRQRQWpWpSUpGLWVSRXUOHUpFHSWHXU+D$/3FKH]H. armigeraHWODWR[LQH
&U\$F 6KDQ et al.  /H GRPDLQH ,,, HVW DXVVL LPSOLTXp GDQV OD OLDLVRQ GH OD WR[LQH
&U\$FDXUpFHSWHXU$3/%XUWRQ et al.

1.2.4 Insertion de la toxine et modèle de formation des pores
$YHFO¶LGHQWLILFDWLRQG¶XQJUDQGQRPEUHGHUpFHSWHXUVDLQVLTXHG¶XQHJUDQGHYDULpWp
GH WR[LQHV &U\ OH PpFDQLVPH G¶DFWLRQ GH FHV GHUQLqUHV Q¶HVW WRXMRXUV SDV FRPSOqWHPHQW
pOXFLGp 3OXVLHXUV PRGqOHV HW K\SRWKqVHV IDLVDQW SDUIRLV O¶REMHW GH FRQWURYHUVH RQW pWp
SURSRVpVDXILOGHVDQQpHVTXDQWjO¶RULJLQHHWDX[PpFDQLVPHVGHODWR[LFLWpGHVWR[LQHV&U\
%UDYR et al.=KDQJ et al.-XUDW)XHQWHVHW$GDQJ=KDQJ et al.1DLU
et al. &HSHQGDQW OHPRGqOHGH IRUPDWLRQGHSRUHV O\WLTXHVSURSRVpSDU.QRZOHV HW
(OODU  FRQQX VRXV OH QRP GHPRGqOH HQ SDUDSOXLH UHVWH OH SOXV SODXVLEOH 7RXV OHV
DXWUHV PRGqOHV RQW IDLW O¶REMHW GH FULWLTXHV 9DFKRQ et al.  SXLVTXH OHV SUHXYHV

TXDOLWDWLYHV DFFXPXOpHV YLHQQHQW HVVHQWLHOOHPHQW j O¶DSSXL GX PRGqOH HQ SDUDSOXLH GLW ©
FODVVLTXHªGHIRUPDWLRQGHVSRUHVVHORQ.QRZOHVHW(OODU6HORQFHPRGqOHFigure 
1.4 OD OLDLVRQ GH OD WR[LQH VH IDLW VHORQ XQ PRGH ELVpTXHQWLHO '¶DERUG OHV FKDPSV
pOHFWURVWDWLTXHV IRQW HQ VRUWH TXH OHV GRPDLQHV ,, HW ,,, DSSURFKHQW OH UpFHSWHXU ORUVTXH
GRPDLQH , UHVWH SOXV pORLJQp GX UpFHSWHXU /H GRPDLQH ,, GH OD WR[LQH UHFRQQDvW OH VLWH
UpFHSWHXUHWVHOLHjFHGHUQLHUFHTXLHQWUDvQHXQFKDQJHPHQWGHFRQIRUPDWLRQGHODWR[LQH
/HGRPDLQH,,,SRXUUDLWLQLWLDOHPHQWVHOLHUjODPHPEUDQHHWLQLWLHUODOLDLVRQGHGRPDLQH,,j
VRQ UpFHSWHXU -HQNLQV et al.  /H U{OH GX GRPDLQH ,,, QH SRXUUDLW FHSHQGDQW rWUH
JpQpUDOLVpSXLVTXHF¶HVWOHGRPDLQHOHPRLQVFRQVHUYpVSDUPLOHVWR[LQHV&U\$JUDZDO et al.
/DUpRUJDQLVDWLRQVWUXFWXUHOOHGHODWR[LQHDSUqVODOLDLVRQGHGRPDLQH,,OXLSHUPHWGH
SUpVHQWHUjODPHPEUDQHODVWUXFWXUHK\GURSKREHHQpSLQJOHjFKHYHX[IRUPpHSDUOHVKpOLFHV
 HW GXGRPDLQH , OHPDQFKHGXSDUDSOXLHRXYHUW/¶pSLQJOH j FKHYHX[G¶XQPRQRPqUH
V¶LQVqUH HQVXLWH GH IDoRQ LUUpYHUVLEOH GDQV ODPHPEUDQH /¶ROLJRPpULVDWLRQ GHVPRQRPqUHV
PqQH j OD IRUPDWLRQ GHV SRUHV O\WLTXHV /HV DXWUHV KpOLFHV GX GRPDLQH , DLQVL TXH OHV
GRPDLQHV ,,HW ,,, V¶pWDOHQWj OD VXUIDFHGH ODPHPEUDQH IRUPDQWDLQVL OD WRLOHGXSDUDSOXLH
RXYHUW2QFRQVLGqUHTXHOHUpFHSWHXUHVWHQVXLWHOLEpUpGHODWR[LQHXQHIRLVFHOOHFLLQVpUpH
GDQVODPHPEUDQH.QRZOHVHW(OODU6FKZDUW] et al.D0DVVRQ et al.
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Figure 1.4. 5HSUpVHQWDWLRQVFKpPDWLTXHGHPRGqOH©HQSDUDSOXLHªGHODIRUPDWLRQGHSRUH
SDU OHV WR[LQHV&U\ LQVHFWLFLGHVA. /DWR[LQHDFWLYpHFRQVWLWXpHGH WURLVGRPDLQHVQ¶HVWSDV
OLpH DX UpFHSWHXU 5TXL VH WURXYHGDQV ODELFRXFKH EB. /LDLVRQGH OD WR[LQH DFWLYpH DX
UpFHSWHXU C. /¶pSLQJOH j FKHYHX[ ĮĮ GX GRPDLQH , G¶XQ PRQRPqUH V¶LQVqUH GDQV OD
ELFRXFKHHWO¶ROLJRPpULVDWLRQGHVTXDWUHpSLQJOHVĮĮGHVPRQRPqUHVIRUPHOHSRUH$GDSWp
GH9DFKRQet al

/DIRUPDWLRQGHSRUHVSDUOHVWR[LQHV&U\DpWpGpPRQWUpHHQXWLOLVDQWXQHYDULpWpGH
V\VWqPHVG¶pWXGHVWHOVTXHOHVELFRXFKHVOLSLGLTXHVSODQHVDYHFRXVDQVUpFHSWHXUV6DFFKL et 
al.E+DLGHUHW(OODU6ODWLQ et al.6FKZDUW] et al.9RQ7HUVFK et al.
C.
III
II
b
R
I
A.
I
II
III
b
R
B.
b
R
II
III
I

0DUWLQHW:ROVIHUVEHUJHU&DUURO et al.5DFDSp et al.6FKZDUW] et 
al.E6FKZDUW] et al.F6PHGOH\ et al.&KDQGUD et al.3H\URQQHW et 
al.D3H\URQQHW et al.E3H\URQQHW et al.6FKZDUW] et al.9Lp et al.
3XQWKHHUDQXUDN et al. OHVH[SpULHQFHVHQSDWFKFODPS 6FKZDUW] et al.
OHV HVVDLV GH JRQIOHPHQW RVPRWLTXH OHV OLJQpHV FHOOXODLUHV LQWHVWLQDOHV GHV LQVHFWHV FLEOHV
6FKZDUW] et al.9LOODORQ et al.D7UDQ et al.)RUWLHU et al.VXUOHV
90%%&DUUROHW(OODU(VFULFKH et al.7UDQ et al..LURXDF et al.
.LURXDF et al.SDUXWLOLVDWLRQGHVVRQGHVIOXRUHVFHQWHV0RQHWWH et al.3RWYLQ et 
al. D.LURXDF et al.  SDUPLFURVFRSLH j IRUFH DWRPLTXH 9Lp et al.  SDU
PHVXUH GHV YDULDWLRQV GX SRWHQWLHO PHPEUDQDLUH GH O¶LQWHVWLQ LVROp GHV LQVHFWHV FLEOHV
3H\URQQHW et al.)RUWLHU et al.DLQVLTXHSDUSOXVLHXUVDXWUHVpWXGHV$KPDGHW
(OODU6ODWLQ et al.*D]LWHW6KDL:DOWHUV et al.9RQ7HUVFK et al.
6FKZDUW] et al. E6FKZDUW] et al. F0DVVRQ et al. *HUEHU HW 6KDL
*LUDUG et al.D*LUDUG et al.E
,OHVWPDLQWHQDQWELHQpWDEOLTXHFKH]OHVHVSqFHVGHOpSLGRSWqUHVHWGHFROpRSWqUHVOH
PRGH G¶DFWLRQ GHV WR[LQHV &U\ VHPEOH rWUH VLPLODLUH 0RULQ et al.  -XUDW)XHQWHV HW
$GDQJ)DEULFN et al./HVįHQGRWR[LQHVGHBtTXLIRUPHQWGHVSRUHVGDQVOHV
PHPEUDQHVIRQWSDUWLHGHODIDPLOOHGHWR[LQHVDSSHOpHV3)7VGHO¶DQJODLV©Pore-Forming 
ToxinVª

1.2.5 Charactéristiques des pores induits par les toxines Cry
1.2.5.1 Architecture des pores 
/HPRGqOHHQSDUDSOXLHGHO¶DUFKLWHFWXUHGHSRUHVSURSRVpSDU.QRZOHVHW(OODU
V¶HVW DYpUp rWUH HQ DFFRUG DYHF OHV REVHUYDWLRQV UDSSRUWpHV SDU SOXVLHXUV pWXGHV $KPDG HW
(OODU:XHW$URQVRQ$QJVXWKDQDVRPEDW et al.*D]LWHW6KDL*D]LW
et al.9RQ7HUVFK et al.$URQVRQ et al.&KHQ et al. *D]LW et al.
&KDQGUD et al. .XPDU HW$URQVRQ0DVVRQ et al. *HUEHU HW6KDL
6FKZDUW] et al.7LJXH et al..DQLQWURNXO et al.3XQWKHHUDQXUDN et 
al./LNLWYLYDWDQDYRQJ et al.7LHZVLULHW$QJVXWKDQDVRPEDW*LUDUG et al.
*LUDUG et al.D*LUDUG et al.E/HEHO et al.3DUH[HPSOH6FKZDUW]et 
al. D RQW XWLOLVp OHV WHFKQLTXHV GH ODPXWDJpQqVH GLULJpH HW GH O¶LQJpQLHULH GHV SRQWV
GLVXOIXUHDXVHLQGHVUpJLRQVSXWDWLYHVLPSOLTXpHVGDQVODIRUPDWLRQGHSRUHVSDUOD&U\$D
DFWLYpHSDUODWU\SVLQH/DWR[LQHDLQVLDFWLYpHHVWGpSRXUYXHGHF\VWpLQHVPDLVGHVPXWDQWV
RQWpWpFRQoXVDILQGHFUpHUGHVSRQWVGLVXOIXUHVLQWUDPROpFXODLUHVGDQVOHVGRPDLQHV,HW,,
/HVSRQWVGLVXOIXUH$UJ&\VHW6HU&\VRQWpWpFRQoXVSRXUUHOLHUODSDUWLH1WHUPLQDOH
GHO¶KpOLFHĮGHGRPDLQH,DYHFODUpJLRQHQWUHOHVKpOLFHVĮDHWĮGHGRPDLQH,,$XFXQH
DFWLYLWpLRQLTXHQ¶DpWpREVHUYpHORUVTXHFHPXWDQWDpWpUHFRQVWLWXpGDQVOHV%/3&HSHQGDQW
O¶DGGLWLRQ GH ȕPHUFDSWKRpWKDQRO XQ DJHQW UpGXFWHXU GHV SRQWV GLVXOIXUH D FRQGXLW j
O¶DSSDULWLRQGHO¶DFWLYLWpLRQLTXHDYHFGHVFDUDFWpULVWLTXHVpOHFWURSK\VLRORJLTXHVVHPEODEOHVj
FHOOHVGHOD&U\$DQDWLYH LQGLTXDQWTXHOHGpSORLHPHQWGHODSURWpLQHDXQLYHDXGHUpJLRQ
UHOLDQWOHVGRPDLQHV,HW,,HVWGRQFXQHpWDSHQpFHVVDLUHjODIRUPDWLRQGHVSRUHV(QRXWUH
OHV PXWDQWV FRQoXV SRXU OLPLWHU OD IOH[LELOLWp HQWUH OHV KpOLFHV GH GRPDLQH , $UJ&\V HW

$ODF\VUHOLDQWOHVFHQWUHVGHĮHWĮ,OH&\VHW7\U&\VUHOLDQWODERXFOHĮĮDYHF
FHOOH GH ĮĮ 9DO&\V HW $OD&\V UHOLDQW OHV FHQWUHV GH Į HW Į 6HU&\V HW
6HU&\VUHOLDQWOHVH[WUpPLWpV&WHUPLQDOHVGHVĮHWĮQHSUpVHQWHQWDXFXQHDFWLYLWpGX
FDQDO&HWWHGHUQLqUHQ¶HVWREVHUYpHTX¶DSUqVO¶DMRXWGHȕPHUFDSWKRpWKDQROPHWWDQWDLQVLHQ
pYLGHQFHOH U{OHFHQWUDOGHVKpOLFHVHWGDQVO¶LQVHUWLRQGDQVODPHPEUDQH/HPRGqOHGH
SRUHSURSRVpHVWFHOXLG¶XQF\OLQGUHDTXHX[GHGLDPqWUHDSSUR[LPDWLIGHcHWTXLWUDYHUVHOD
PHPEUDQHSHUPHWWDQWOHSDVVDJHGHVLRQV./HVKpOLFHVIRUPHQWOHVSDURLVGXSRUHDYHF
OHXUVVXUIDFHVK\GURSKLOHVIDFHDXFHQWUHGXSRUHDORUVTXHOHVKpOLFHVVRQWFRQILQpHVGDQV
ODPHPEUDQHOLSLGLTXHMRXDQWDLQVLXQU{OHLPSRUWDQWGDQVO¶ROLJRPpULVDWLRQGHVPRQRPqUHV
/HV DXWUHV KpOLFHV DLQVL TXH OHV GRPDLQHV ,, HW ,,, V
pWDOHQW VXU OD ELFRXFKH OLSLGLTXH
FRQIRUPpPHQW DXPRGqOH HQ SDUDSOXLH RXYHUW /D IRUPDWLRQ GH SRUHV WpWUDPpULTXHV SDU OHV
WR[LQHV&U\ D pWp DXVVLPLV HQ pYLGHQFH SDU G¶DXWUHV pWXGHV UpDOLVpHV HQ%/3 9Lp et al.
3H\URQQHW et al./DIODPPH et al.HWHQLPDJHULHSDUPLFURVFRSLHjIRUFH
DWRPLTXH9Lp et al.3H\URQQHW et al./DIODPPH et al.3OXVUpFHPPHQW
XQH pWXGH HQ IOXRUHVFHQFH GHV SRUHV IRUPpV SDU OD&U\$D GDQV OHV ELFRXFKHV OLSLGLTXHV D
UpYpOpODSUpVHQFHPDMRULWDLUHGHWpWUDPqUHVPDLVDXVVLGHGLPqUHVHWGHWULPqUHV*URXO[ et 
al.(QRXWUHGHVVWUXFWXUHV WULPpULTXHVRQWDXVVLpWp UDSSRUWpHVGDQVG¶DXWUHVpWXGHV
$URQVRQ et al..XPDUHW$URQVRQ/LNLWYLYDWDQDYRQJ et al.2XQMDL et al.
7RUUHV et al.
1.2.5.2 Dimensions des pores
/HVSRUHV IRUPpVSDU O¶ROLJRPpULVDWLRQGH VWUXFWXUHVPRQRPpULTXHVRQW XQGLDPqWUH
TXL GpSHQG GH OD WR[LQH (Q IRQFWLRQ GHV GLPHQVLRQV GH SRUHV OHV 3)7 VRQW JpQpUDOHPHQW

JURXSpHVHQGHX[FDWpJRULHVFHOOHGHV3)7IRUPDQWGHSHWLWHVSRUHVGHGLDPqWUHHQWUHj
QPHWFHOOHIRUPDQWGHJUDQGHVSRUHVGHGLDPqWUHVXSpULHXUjQP3DUNHUHW)HLO/D
WDLOOHGHVSRUHVIRUPpVSDUOHVWR[LQHV&U\pYDOXpHSDUGLIIpUHQWHVWHFKQLTXHVHVWW\SLTXHPHQW
GHjQPGHGLDPqWUH0DUWLQHW:ROVIHUVEHUJHU&DUUROOHW(OODU9LOODQRQ et 
al.  3H\URQQHW et al.  &HWWH WDLOOH HVW VLPLODLUH j FHOOH GHV SRUHV IRUPpV SDU
G¶DXWUHVWR[LQHV3)7.ULVWDQ et al.*RQ]DOH] et al.,RFDYDFKH et al.
1.2.5.3 Perméabilités des pores
/D SHUPpDELOLWp GHV SRUHV IRUPpV SDU OHV WR[LQHV &U\ D pWp H[DPLQpH SDU GH
QRPEUHXVHVpWXGHVHWGDQVGLIIpUHQWVV\VWqPHVWHOVTXHOHV90%%OHVOLSRVRPHVOHVOLJQpHV
FHOOXODLUHVHWOHVELFRXFKHVOLSLGLTXHVSODQHV,ODpWpGpPRQWUpTXHOHVSRUHVVRQWSHUPpDEOHV
jXQHYDULpWpGHVXEVWDQFHV\FRPSULVOHVFDWLRQVPRQRYDOHQWVQRWDPPHQW.6DFFKL et al.
D:ROIHUVEHUJHU6ODWLQ et al.(QJOLVK et al.&DUUROOHW(OODUD
.QRZOHVHW'RZ/RUHQFH et al.D/RUHQFH et al.E&DUUROOHW(OODU
/RUHQFH et al.5DFDSp et al.6FKZDUW] et al.F OHVFDWLRQVGLYDOHQWV WHOV
TXH&D 6FKZDUW] et al. 0RQHWWH et al. 3RWYLQ et al. E.LURXDF et al.
OHVDQLRQVWHOVTXH&O6FKZDUW] et al..LURXDF et al.OHVVROXWpVQHXWUHV
FRPPHO¶DODQLQH+HQGULFN[ et al.OHVDFLGHVDPLQpV.LURXDF et al.DLQVLTXH
OHVJURVVROXWpVQRQpOHFWURO\WHVFRPPHOHVROLJRVDFFKDULGHV6FKZDUW] et al.&DUUROOHW
(OODUE&DUUROHW(OODU9LOODQRQ et al.7UDQ et al.(QIRQFWLRQGX
S+OHVSRUHVIRUPpVSDUXQHWR[LQH&U\SRXUUDLHQWSRVVpGHUXQHVpOHFWLYLWpFDWLRQLTXHRXXQH
VpOHFWLYLWp DQLRQLTXH 6FKZDUW] et al. 6FKZDUW] et al. 3H\URQQHW et al. 
&HSHQGDQWDXS+DOFDOLQFDUDFWpULVWLTXHGHOpSLGRSWqUHVODIRUPDWLRQGHVSRUHVFDWLRQLTXHVD

QHWWHPHQW pWp GpPRQWUpH GDQV GHV H[SpULHQFHV HQ%/3 VDQV UpFHSWHXUV 6ODWLQ et al. 
6FKZDUW] et al.  5DFDSp et al.  6FKZDUW] et al. E RX DYHF UpFHSWHXUV
/RUHQFH et al.E5DFDSp et al.6FKZDUW] et al.E3H\URQQHW et al.

1.2.6 Toxicité au niveau cellulaire
3OXVLHXUVpWXGHVVXUOHPRGHG¶DFWLRQGHVįHQGRWR[LQHVGHBtRQWSXFODLUHPHQWpWDEOLU
WUqVW{WTXHODFLEOHLQLWLDOHGHFHVWR[LQHVHVWODPHPEUDQHDSLFDOHGHVFHOOXOHVHQFRORQQHGH
O¶LQWHVWLQPR\HQGHVLQVHFWHVRVHSURGXLWODIRUPDWLRQGHVSRUHVO\WLTXHV+HLPSHOHW$QJXV
(QGRHW1LVKLLWVXWVXML8ZR3HUF\HW)DVW*XSWD et al./DQH et al.
.QRZOHVHW'RZ.LURXDF et al./HPpFDQLVPHH[DFWGHODO\VHFHOOXODLUH
TXL VXLW OD IRUPDWLRQ GHV SRUHV Q¶D SX FHSHQGDQW rWUH SOHLQHPHQW pWDEOL '¶DSUqV XQH
K\SRWKqVH LQLWLDOH SURSRVpH SDU .QRZOHV HW (OODU  OH PpFDQLVPH SDU OHTXHO OHV į
HQGRWR[LQHVPqQHQWjODO\VHFHOOXODLUHHVWFHOXLGHODO\VHRVPRWLTXHFROORwGDOHLQGXLWHSDUOH
GpVpTXLOLEUH LRQLTXH pOHFWULTXH HW RVPRWLTXH GHV FHOOXOHV DIIHFWpHV VXLWH j OD IRUPDWLRQ GH
SRUHV/DSUpVHQFHGHVSRUHVSHUPHW O¶HQWUpHGHV LRQVGDQV OHVFHOOXOHVDFFRPSDJQpVSDUXQ
DIIOX[GHO¶HDXSDURVPRVH/DPRUWGHO¶LQVHFWHLQWR[LTXpVHSURGXLWVRLWSDUODSDUDO\VLHGH
O¶LQWHVWLQ HW OD FHVVDWLRQ GH O¶DOLPHQWDWLRQ SURYRTXpHV SDU O¶DXJPHQWDWLRQ GX S+ GH
O¶KpPRO\PSKHVRLWSDU ODVHSWLFpPLHSURYRTXpHSDU ODUXSWXUHGHO¶pSLWKpOLXPLQWHVWLQDOTXL
SHUPHW DX[ VSRUHV GHBt G¶DFFpGHU j O¶HQYLURQQHPHQW SOXV IDYRUDEOH GH O¶KpPRO\PSKH R
HOOHV SHXYHQW HQVXLWH JHUPHU .QRZOHV .QRZOHV HW'RZ  RQW VXJJpUp TXH OD
FHVVDWLRQ GH IRQFWLRQQHPHQW GX PpFDQLVPH GH WUDQVSRUW GHV LRQV . GDQV OHV FHOOXOHV

LQWHVWLQDOHVGHOpSLGRSWqUHHVWXQpOpPHQWFOpTXLFRQGXLWDXJRQIOHPHQWHWjODO\VHFHOOXODLUH
VXLWHjODIRUPDWLRQGHVSRUHV
6XUOHSODQKLVWRORJLTXHLODpWpPRQWUpTXHOHVFHOOXOHVHQFRORQQHVRQW LQLWLDOHPHQW
HQGRPPDJpHV/DQH et al.&KH]OHVLQVHFWHVWUqVVHQVLEOHVODPRUWDOLWpV¶REVHUYHGDQV
XQLQWHUYDOOHGHjKHXUHV/DQH et al.HWFKH]G¶DXWUHVLQVHFWHVHQWUHjMRXUV*LOO
et al.

1.2.7 Mécanismes de résistance aux toxines Cry
/D UpVLVWDQFH GHV LQVHFWHV DX[ WR[LQHV&U\ GHBt HVW XQ SUREOqPH REVHUYp GDQV GHV
H[SpULHQFHV HQ ODERUDWRLUH GHSXLV  0F*DXJKH\  'HV QLYHDX[ VLJQLILFDWLIV GH
UpVLVWDQFHjBtIXUHQWREVHUYpVSRXUODSUHPLqUHIRLVGDQVOHVFKDPSVFKH]OHVSRSXODWLRQVGH
OpSLGRSWqUHVP. xylostella7DEDVKQLN et al.)HUUp et al.7DEDVKQLN/LXHW
7DEDVKQLN )HUUp 'HQRPEUHXVHV VRXFKHV G¶LQVHFWHV UpVLVWDQWV DX[Bt RQW pWp
pWDEOLHVDXILOGHVDQQpHV)UXWRV et al.)HUUp7DEDVKQLN et al.:DQJ et 
al./DUpVLVWDQFHSHXWrWUHGXHjODPRGLILFDWLRQGHVGLIIpUHQWVpOpPHQWVGHODFDVFDGH
GH O¶LQWR[LFDWLRQ WHOV TXH O¶DOWpUDWLRQ GH OD OLDLVRQ GHV WR[LQHV &U\ DX[ UpFHSWHXUV FLEOHV
UpVXOWDQWGHODGLPLQXWLRQGXQRPEUHGHVLWHVGHOLDLVRQRXGHODPRGLILFDWLRQGHO¶DIILQLWpGHV
VLWHVGHUpFHSWHXUVRXjODGLPLQXWLRQGXQRPEUHGHUpFHSWHXUV*DKDQ et al.0RULQ et 
al.-XUDW)XHQWHVHW$GDQJ
&KH] OD SRSXODWLRQ UpVLVWDQWH GH P. interpunctella SDU H[HPSOH OD UpVLVWDQFH SRXU
&U\$EHVWGXHjODGLPLQXWLRQGHO¶DIILQLWpGHVVLWHVUpFHSWHXUVSRXUFHWWHWR[LQH9DQ5LH et 
al.&KH] OHV ODUYHVGHP. xylostella OD UpVLVWDQFHHVW OLpHjXQQRPEUHSOXV IDLEOHGH

UpFHSWHXUVSRXU&U\$ESDUUDSSRUWj&U\%HW&U\&)HUUp et al./DUpVLVWDQFHDpWp
FRUUpOpH j OD GLPLQXWLRQ GX QRPEUH GH UpFHSWHXUV PHPEUDQDLUHV SRXU &U\$ FKH] H. 
viscerens -XUDW)XHQWHV HW$GDQJ  HW SRXU &U\%D FKH]C. elegans %DUURZV et al.
'¶DXWUHVPRGLILFDWLRQVSRXUUDLHQWLQFOXUHQWXQHGLPLQXWLRQGDQVODVROXELOLVDWLRQGHOD
SURWR[LQH HW GX WDX[ G¶DFWLYDWLRQ GH OD SURWR[LQH HQ UDLVRQ GH O¶DEVHQFH G¶XQH SURWpDVH
QpFHVVDLUHjO¶DFWLYDWLRQRXjO¶DXJPHQWDWLRQGXWDX[GHGpJUDGDWLRQGHODWR[LQH0DF,QWRVK
et al. 2SSHUW et al. 5DKDUGMD HW:KDORQ .HOOHU et al.  -LQ et al.
0LUDQGD et al./RVHYD et al.5DMDJRSDO et al.5DMDJRSDO et al.
5DMDJRSDO et al.  /HPRGH G¶DFWLRQ HW OHV YRLHV GH SDWKRJHQqVH GHV WR[LQHVBt VRQW
FRPSOH[HV HW SDU FRQVpTXHQW OHVPpFDQLVPHVGH UpVLVWDQFHGHV LQVHFWHV j FHV WR[LQHV VRQW
HX[DXVVLFRPSOH[HVHWSRWHQWLHOOHPHQWGXVjODFRPELQDLVRQGHSOXVLHXUVIDFWHXUV

1.3 Les nématodes du sol et les géohélminthiases (GH)

/HVQpPDWRGHV VRQWGHV LQYHUWpEUpVPpWD]RDLUHV GXSK\OXPNemata&HVYHUV URQGV
PqQHQW XQH YLH OLEUH RX SDUDVLWDLUH 2Q FRQQDvW DFWXHOOHPHQW SOXV GH  HVSqFHV GH YHUV
LQIHFWDQW OHV KXPDLQV SDUPL OHVTXHOOHV FHUWDLQHV WHOV TXH OHV QpPDWRGHV GX VRO OHV
JpRKpOPLQWKHVRXOHVYHUVLQWHVWLQDX[Ascaris lumbricoidesTrichuris trichiuraAnkylostoma 
duodenaleHWNecator americanusSURYRTXHQWGHVLQIHFWLRQVJDVWURLQWHVWLQDOHVWUqVJUDYHVHW
SDUIRLVPRUWHOOHVFRQVWLWXDQWDLQVLXQHPHQDFHSRXUODVDQWpSXEOLTXH6HORQXQHHVWLPDWLRQ
GHO¶206HQYLURQGHX[PLOOLDUGVGHSHUVRQQHVVRQWDFWXHOOHPHQWLQIHFWpHVSDUDXPRLQVXQH
HVSqFHG¶KHOPLQWKHVDXPRLQVpWDQWGHVHQIDQWVHWSOXVGHGpFqVDQQXHOVGXV
DX[ VFKLVWRVRPLDVHV HQ$IULTXH VHXOHPHQW 206  &HV SDUDVLWHV VH UHQFRQWUHQW SOXV

IUpTXHPPHQWGDQVOHV]RQHVFOLPDWLTXHVFKDXGHVHWKXPLGHV/HVUpJLRQVSDXYUHVGHO¶$VLH
O¶$IULTXHHWO¶$PpULTXHODWLQHRSUpYDOHQWGHIDLEOHVFRQGLWLRQVG¶K\JLqQHVRQWOHVUpJLRQVOH
SOXVWRXFKpHV206/DYRLHJpQpUDOHGHWUDQVPLVVLRQGHO¶LQIHFWLRQHVWIpFDOHRUDOH
/HV°XIV IpFRQGpV VRQW H[FUpWpV GDQV OHV VHOOHV OLEpUpV GDQV O¶HQYLURQQHPHQW HW VRQW SDU OD
VXLWH LQJpUpV$X VWDGH DGXOWH OHV YHUV SHXYHQW JUDQGLU MXVTX¶j  FP A. lumbricoides HW
SHXYHQWV¶DWWDFKHUDX[SDURLVLQWHVWLQDOHVGHO¶K{WHVHQRXUULVVDQWGXVDQJGHVFRXFKHVGHOD
PXTXHXVH HW GH OD VRXVPXTXHXVH HQ SHUIRUDQW DLQVL FHV GHUQLqUHV /HV V\PSW{PHV
G¶LQIHFWLRQ LQFOXHQW O¶LQIODPPDWLRQ GHV SDURLV LQWHVWLQDOHV OHV GRXOHXUV DEGRPLQDOHV OD
GLDUUKpH OD ILqYUHXQHSHUWHG¶DSSpWLW OHVSUREOqPHV UHVSLUDWRLUHV OHV VDLJQHPHQWVGDQV OHV
H[FUpWLRQV IpFDOHV HW XULQDLUHV OD SQHXPRQLH pRVLQRSKLOLTXH OD G\VHQWHULH O¶DQpPLH HW OHV
WURXEOHVQHXURORJLTXHV +RWH]3 -et al /HV FRQVpTXHQFHVSHXYHQW rWUH IDWDOHV HQ
SDUWLFXOLHUFKH]O¶HQIDQWHWODIHPPHHQFHLQWH(OOLRW et al./DURFTXH et al.8Q
JUDQG QRPEUH G¶DQN\ORVWRPHV WHOV TXH A. ceylanicum LQIHFWHQW j OD IRLV OHV DQLPDX[ HW
O¶KXPDLQ/HVJpRKHOPLQWKHVSDUDVLWDLUHVSRXUODSOXSDUWGHVYHUVGXJHQUHMeloidogyneRX
QpPDWRGHV j JDOOHV VRQW DXVVL UHVSRQVDEOHV GH SHUWHV pFRQRPLTXHV LPSRUWDQWHV SRXU
O¶LQGXVWULHDJULFROHWRWDOLVDQWMXVTX
jPLOOLDUGVPRQGLDOHPHQW&HWLQWDVHW<DUED
&HUWDLQV PpGLFDPHQWV DQWLKHOPLQWKLTXHV j ODUJH VSHFWUH FRPPH O¶DOEHQGD]ROH OH
PpEHQGD]ROHHWOHS\UDQWHOVRQWSUpVHQWHPHQWGLVSRQLEOHV2063RXUOHVQpPDWRGHV
GXVROSK\WRSDUDVLWDLUHVODGpVLQIHFWLRQHWO¶XWLOLVDWLRQGHVQpPDWLFLGHVFKLPLTXHVIXPLJqQHV
FRQVWLWXHQW GHSXLV SOXV GH  DQV OD VWUDWpJLH OD SOXV HIILFDFH &HSHQGDQW FHV QpPDWLFLGHV
WR[LTXHVSUpVHQWHQWGHVULVTXHVLPSRUWDQWVSRXUODVDQWpKXPDLQHHWO¶HQYLURQQHPHQW/LIVKLW]
HW*DYULORY6WDUU et al./HGpYHORSSHPHQWG¶DSSURFKHVGHOXWWHELRORJLTXHSOXV

FLEOpHV HIILFDFHV HW DERUGDEOHV HVW GRQF GHYHQX LQGLVSHQVDEOH HW GH JUDQGV HIIRUWV VRQW
DFWXHOOHPHQWGpSOR\pVDILQG¶LGHQWLILHUGHWHOOHVDSSURFKHV
¬SDUWLUGHVDQQpHV0DUURTXLQ et al.OHVBtDFWLIVFRQWUHOHVQpPDWRGHV
RQW FRPPHQFp j VXVFLWHU XQ UpHO LQWpUrW SRXU SOXVLHXUV UDLVRQV 3UHPLqUHPHQW OHV UDYDJHV
FDXVpV DX[ KXPDLQV SDU OHV QpPDWRSDWKLHV YLHQQHQW DX GHX[LqPH UDQJPRQGLDO MXVWH DSUqV
FHX[FDXVpVSDUOHSDOXGLVPHRXODPDODULD206HWFHQRPEUHQHGLPLQXHSDV
PDOJUp O¶XWLOLVDWLRQ GH PpWKRGHV HW GH SUDWLTXHV PpGLFDOHV PRGHUQHV 'HX[LqPHPHQW OH
GpYHORSSHPHQW GH OD UpVLVWDQFH DX[ PpGLFDPHQWV HW DX[ SHVWLFLGHV DQWLKHOPLQWKLTXHV
FKLPLTXHVDFWXHOOHPHQW HPSOR\pVFRQVWLWXHXQVXMHWSUpRFFXSDQW )XOOHU et al.'DQV
OHV V\VWqPHV G¶pOHYDJH LQGXVWULHO GX EpWDLO OD UpVLVWDQFH DX[ SURGXLWV DQWLKHOPLQWKLTXHV
GpSDVVH6FKZHQNHQEHFKHUHW.DSODQ%LHQTXHOHVHIIHWVWR[LTXHVGHVVRXFKHV
GHBt VXU OHV QpPDWRGHV DLQVL TXH VXU OD YLDELOLWp GH OHXUV°XIV DLHQW pWp VRXOLJQpV GHSXLV
ORQJWHPSV&LRUGLDHW%L]HOO%RQH et al.%RWWMHUHW%RQHFHWWHVLWXDWLRQ
FRQVWLWXHXQIRUWDUJXPHQWSRXUODPLVHHQ°XYUHG¶DSSURFKHVDOWHUQDWLYHVQRWDPPHQWFHOOHV
IDLVDQWDSSHODX[WR[LQHVQpPDWLFLGHVGHBt&HVGHUQLqUHVFRQVWLWXHQWXQPR\HQSOXVHIILFDFH
HW PRLQV QRFLI SRXU O¶HQYLURQQHPHQW HW OD VDQWp SXEOLTXH 6FKQHLGHU et al.  3OXV
UpFHPPHQW RQ V¶HVW LQWpUHVVp j O¶XWLOLVDWLRQ GH OD ELRWHFKQRORJLH SRXU OH GpYHORSSHPHQW GH
SODQWHV WUDQVJpQLTXHV UpVLVWDQWHV H[SULPDQW GLYHUV JqQHV $WNLQVRQ et al.  0ROLQDUL
GRQWOHVJqQHVGHWR[LQHV&U\QpPDWLFLGHVGHBt /L et al./L et al.FHTXL
RIIULUDLWGHQRPEUHX[DYDQWDJHV


1.4  Toxines Bt nématicides 

3OXVLHXUVVRXFKHVGHBtDFWLYHVFRQWUH OHVSDUDVLWHVGHVKXPDLQVGHVDQLPDX[HWGHV
SURGXLWV DJULFROHV HW IRUHVWLHUV QpPDWRGHV OLEUHV RX SDUDVLWDLUHV &HV VRXFKHV FRPSUHQQHQW
QRWDPPHQW FHOOHV TXL SURGXLVHQW GHV įHQGRWR[LQHV DSSDUWHQDQW DX[ IDPLOOHV &U\ &U\
&U\$&U\$&U\$HW&U\$&LRUGLDHW%L]HOO%RQH et al.E(GXDUGV et 
al.%RUJRQLH et al.%RUJRQLH et al.DE&ULFNPRUH et al.0DUURTXLQ
et al.:HL et al.6FKXOHQEXUJHW0XOOHU.QR[ et al./L et al.
+RVV et al. &HSHQGDQW VHXOHV OHVPHPEUHV GHV IDPLOOHV&U\% &U\$&U\$ HW
&U\$ SRVVqGHQW XQH WR[LFLWp DSSUpFLDEOH SDUWLFXOLqUHPHQW FRQWUH Nippostrongulus 
brasiliensisXQQpPDWRGHJDVWURLQWHVWLQDOGHVURQJHXUVHWGHVDQLPDX[GRPHVWLTXHV:HL et 
al.HWFRQWUHA. ceylanicumTXLLQIHVWHDXVVLOHVKXPDLQV&DSHOOR et al.+X et 
al./HVWR[LQHV&U\$D&U\$E&U\$F&U\%DHW&U\$DVRQWWUqVDFWLYHVFRQWUH
GHV QpPDWRGHV SDUDVLWHV GX EpWDLO GRQW FHUWDLQV VRQW UpVLVWDQWV DX[ PpGLFDPHQWV
DQWLKHOPLQWKLTXHV .RW]H et al.  /¶pOXFLGDWLRQ GX PRGH G¶DFWLRQ GHV WR[LQHV &U\
QpPDWLFLGHV HVW GRQFGHYHQXH LQGLVSHQVDEOH DILQG¶LGHQWLILHUGHV DSSURFKHV DOWHUQDWLYHV DX[
SURGXLWVFKLPLTXHVDQWLSDUDVLWDLUHV

1.4.1  Effets toxiques des Bt nématicides
&RQWUDLUHPHQWjO¶DFWLYLWpLQVHFWLFLGHGHVįHQGRWR[LQHV&U\RQVDLWSHXGHFKRVHVVXU
OHPRGHG¶DFWLRQGHVVRXFKHVQpPDWLFLGHVGHBt,ODFHSHQGDQWpWpGpPRQWUpTXHFHVWR[LQHV
Q¶DIIHFWHQW TXH OHV FHOOXOHV LQWHVWLQDOHV GH QpPDWRGHV %RUJRQLH et al.  /H\QV et al.

0DUURTXLQ et al.&HSHQGDQWFRQWUDLUHPHQWj ODVSpFLILFLWp ODUYDLUHGHVWR[LQHV
&U\LQVHFWLFLGHV.QRZOHVHW'RZOHVWR[LQHVQpPDWLFLGHVVHPEOHQWrWUHDXVVLDFWLYHV
VXUODODUYHHWVXUO¶DGXOWH%RUJRQLH et al./DPRUWDOLWpHVWREVHUYpHHQWUHHWMRXUV
DSUqV H[SRVLWLRQ j OD WR[LQH VHORQ OD GRVH HW O¶HVSqFH FRQVLGpUpHV %RUJRQLH et al. 
%RUJRQLH et al.ED0DUURTXLQ et al.:HL et al.

1.5 Les protéines Cry5 de Bt

/D VRXFKH 364 GHBt SURGXLW XQ FULVWDO ELS\UDPLGDO FRPSRVp GH FLQT SURWpLQHV
PDMHXUHV GRQW TXDWUH DSSDUWLHQQHQW j OD FODVVH &U\$ OD GHUQLqUH pWDQW &U\%D ,O D pWp
GpPRQWUp TXH OHV SURWpLQHV &U\$ VRQW VSpFLILTXHPHQW DFWLYHV FRQWUH SOXVLHXUV HVSqFHV
G¶LQVHFWHVK\PpQRSWqUHV GH0DDJG et al.6DQFKH] et al.3RUFDU et al.
DORUVTXH&U\%DHVWDFWLYHFRQWUHSOXVLHXUVHVSqFHVGHQpPDWRGHV0DUURTXLQ et al.
*ULIILWV et al.:HL et al.&DSSHOOR et al./L et al.+X et al.D
/DSURWpLQH&U\%DIDLWSDUWLHG¶XQVRXVJURXSHSK\ORJpQLTXHFRQVWLWXpGHKXLWWR[LQHVGHBt
GHPrPHRULJLQH&U\$D&U\$E&U\$F&U\%D&U\$&U\$&U\HW&U\$
GH0DDJG et al.7RXWHVFHVSURWpLQHVSRVVqGHQWTXDWUHGHVFLQTEORFVG¶DFLGHVDPLQpV
FRQVHUYpVFKH]OHV WR[LQHV&U\VRLW OHVEORFVHW6FKQHSI et al.$XOLHXGX
EORF  OHV SURWpLQHV &U\ SRVVqGHQW XQ DXWUH EORF F Figure 4.1 FRQVHUYp SDUPL FHV
SURWpLQHV 6FKQHSI et al. /H&U\%DHVW DXVVL SK\ORJpQpWLTXHPHQW UHOLp DX[ WR[LQHV
LQVHFWLFLGHV G¶LPSRUWDQFH FRPPHUFLDOH &U\$D &U\$D HW &U\$D &DSSHOOR et al. 
&ULFNPRUH et al.ELHQTX¶DXFXQHHIIHWQpPDWLFLGHQ¶DLWpWpREVHUYpFKH]FHVGHUQLqUHV
6D[HQDHW6WRW]N\&DSSHOOR et al.


1.6 La protéine nématicide Cry5Ba 

/DSURWpLQH&U\%D&RGH8QL3URW.%6ZLVV3URW4HVWXQHSURWR[LQHGH
N'DSRVVpGDQWXQHVpTXHQFHGHDFLGHVDPLQpV&ULFNPRUH et al./DWR[LQHDpWp
GpFRXYHUWHSDU)HLWHOVRQ'HVpWXGHVRQWGpPRQWUpTXHODUpJLRQGHN'DFRQVWLWXpH
GHVSUHPLHUVDFLGHVDPLQpVSRXUODSURWR[LQH&U\%DHVWVXIILVDQWHSRXUODWR[LFLWpFRQWUH
C. elegansHWM incognita /L et al.. 8QHDXWUHIRUPHDFWLYHREWHQXHSDUWU\SVLQLVDWLRQ
FRUUHVSRQG j XQ IUDJPHQW GH  N'D *ULIILWV et al. (Q RXWUH OD&U\%D HVW DFWLYH
FRQWUHC. elegansVRLWVRXVIRUPHGHFULVWDX[SURWpLTXHVVRLWVRXVIRUPHGHSURWpLQHH[SULPpH
GDQVODEDFWpULHE. coliGRQW OHYHUVHQRXUULW0DUURTXLQ et al.:HL et al./D
VWUXFWXUH'GHOD&U\%DjODUpVROXWLRQGHcYLHQWWRXWMXVWHG¶rWUHSXEOLpH+XL et al.
(OOHFRUUHVSRQGELHQjFHOOHREWHQXHGDQVFHWWHpWXGHSDUPRGpOLVDWLRQSDUKRPRORJLH
DYHFFHOOHGH&U\$D*URFKXOVNL et al.HWGpFULWHGDQVOH&+$3,75(

1.6.1 Récepteurs de Cry5Ba 
&U\%DVHOLHjGLIIpUHQWVW\SHVGHVSKLQJRJO\FROLSLGHVSUpVHQWVFKH]C. elegans&LQT
JqQHV DVVRFLpV j OD UpVLVWDQFH HW QRPPpVbre-1 jbre-5 bre SRXU ©Bt UHVLVWDQW ª RQW pWp
LVROpVSDUXQHDSSURFKHGHPXWDJHQqVH0DUURTXLQ et al.*ULIILWV et al.*ULIILWV
et al.  %DUURZV et al. D %DUURZV et al. E &HV JqQHV FRGHQW SRXU GHV
SURWpLQHV JO\FRV\OWUDQVIpUDVHV PHPEUHV GH OD IDPLOOH ȕJDODFWRV\OWUDQVIpUDVHV TXL
FDWDO\VHQWODELRV\QWKqVHGHVROLJRVDFFKDULGHVJO\FROLSLGLTXHVVSpFLILTXHVGDQVODPHPEUDQH

SODVPLTXH *ULIILWV et al.  $OEHUWV et al.  *ULIILWV et al.  +XIIPDQ et al.
E*ULIILWV et al.,GHR et al.&KH]C. elegansXQHPXWDWLRQGDQVFKDFXQGHV
JqQHVbrePHQHjODUpGXFWLRQGHODWR[LFLWpGH&U\%D0DUURTXLQ et al.*ULIILWV et al.
 *ULIILWV HW $URLDQ  /D UpSUHVVLRQ JpQLTXH G¶XQ DXWUH JqQH bre-1 SURGXLW XQ
QpPDWRGH PXWDQW PRLQV UpVLVWDQW j &U\%D %DUURZV et al.  &HV UpFHSWHXUV
JO\FROLSLGLTXHV VRQW VSpFLILTXHV DX[ LQYHUWpEUpV HW VWUXFWXUHOOHPHQW GLIIpUHQWV GH FHX[ GX
PDPPLIqUH*ULIILWV et al.FHTXLH[SOLTXHUDLWTXHOHVWR[LQHVQpPDWLFLGHV\FRPSULV
OD&U\%DVRLHQWVDQVHIIHWVQRFLIVVXUOHVPDPPLIqUHVHQSDUWLFXOLHUO¶KXPDLQ

1.6.2 Effets nématicides de Cry5Ba
/D WR[LQH &U\%D HVW HIILFDFH FRQWUH OH QpPDWRGH C. elegans DLQVL TXH FRQWUH XQ
QRPEUH GH QpPDWRGHV SDUDVLWDLUHV \ FRPSULV FHX[ TXL SDUDVLWHQW O¶KRPPH HW SOXV
SDUWLFXOLqUHPHQW FRQWUH OHSDUDVLWH JDVWURLQWHVWLQDOKpPDWRSKDJHA. ceylanicum :HL et al.
&DSSHOOR et al. &KHQ et al.  (OOH HVW DXVVL OD SOXV SURPHWWHXVH HQ WDQW
TX¶RXWLO WKpUDSHXWLTXH +XIIPDQ et al. E.DR et al.  +X et al.  ,O D pWp
GpPRQWUpTXH OD OpWDOLWp LQGXLWHSDU OD&U\%DHVWGRVHGpSHQGDQWH&KH]C. elegans jXQH
GRVHOpWDOHPpGLDQH'/GHJP/RXQ0GH&U\%DH[SULPpHGDQVE. coli-0
O¶LQJHVWLRQGHODWR[LQHV¶REVHUYHjKHXUHVDSUqVO¶H[SRVLWLRQWDQGLVTXHODPRUWDOLWpO¶HVW
DSUqVj MRXUV 0DUURTXLQ et al.*ULIILWV et al.*ULIILWV et al.¬XQH
'/ G¶HQYLURQJP/ OD WR[LQH WXHC. elegans HQ MRXUV +X et al.E&KH]  OHV
C.elegansTXLRQWpWpFXOWLYpVGDQVGHVSXLWVFRQWHQDQW&U\%DSXULILpHjXQHFRQFHQWUDWLRQGH
JP/ODPRUWGHVYHUVVXUYHQDLWHQWUHHWKHXUHVDSUqVO¶LQWURGXFWLRQGHODWR[LQH

'¶DXWUHSDUWLODDXVVLpWpGpPRQWUpTXH&U\%DHVWXQIDFWHXUHVVHQWLHOGHYLUXOHQFHUHTXLV
SRXUO¶LQIHFWLRQOpWDOHGHC. elegansSDUGHVEDFWpULHVGHBt.KR et al./¶LQWR[LFDWLRQ
DIIHFWH DX QLYHDXPRUSKRORJLTXH O¶LQWHVWLQ DLQVL TXH OD SURGXFWLRQ G¶°XIV HW OD FURLVVDQFH
0DUURTXLQ et al.:HL et al.&DSSHOOR et al.

1.6.3 Potentiel thérapeutique et de lutte biologique de Cry5Ba 
3DUPLOHVWR[LQHVQpPDWLFLGHVOD&U\%DHVWXQGHVPHLOOHXUVFKRL[SRXUGpYHORSSHU
GHVDJHQWVYHUPLIXJHVSRXUGHVDSSOLFDWLRQVHQPpGLFLQHKXPDLQHHWYpWpULQDLUHSXLVTX¶HOOH
GpPRQWUH GHV HIIHWV DQWLKHOPLQWKLTXHV in vivo FRPSDUDEOHV DX[ SURGXLWV DQWLKHOPLQWKLTXHV
DFWXHOOHPHQW XWLOLVpV &DSHOOR et al.  +X et al. D +X et al. E 'H SOXV
ORUVTX¶HOOH HVW H[SULPpH GDQV OHV UDFLQHV GHV SODQWHV OD &U\%D SUpVHQWH XQ H[FHOOHQW
SRWHQWLHO GDQV OD OXWWH ELRORJLTXH FRQWUH OHV YHUV SK\WRSDUDVLWDLUHV /L et al.  /H
SRWHQWLHO QpPDWLFLGH GH &U\%D D GRQF FRQVWLWXp OD EDVH UDWLRQQHOOH SRXU HQWUHSUHQGUH OHV
WUDYDX[GH UHFKHUFKH SUpVHQWpV GDQV FHPpPRLUH HW YLVDQW j O¶pOXFLGDWLRQGXPRGH G¶DFWLRQ
PROpFXODLUHGHFHWWHWR[LQH
 

CHAPITRE 2. HYPOTHÈSES ET OBJECTIFS DE 
RECHERCHE

,O Q¶H[LVWH TXH WUqV SHX G¶LQIRUPDWLRQ VXU OH PRGH G¶DFWLRQ H[DFW GHV WR[LQHV &U\
QpPDWLFLGHVjSDUW OH IDLWTX¶HOOHVVH OLHQWjGHV UpFHSWHXUVJO\FROLSLGLTXHVGDQV OHVFHOOXOHV
LQWHVWLQDOHV GHV QpPDWRGHV HW HQGRPPDJHQW FHV FHOOXOHV 'DQV OH EXW GH FRQWULEXHU j
O¶DYDQFHPHQWGHVFRQQDLVVDQFHV VXU OHXUPRGHG¶DFWLRQHWj IDYRULVHU O¶XWLOLVDWLRQRSWLPLVpH
GH OD WR[LQH QpPDWLFLGH &U\%D FRPPH RXWLO GH WKpUDSLH DQWLKHOPLQWKLTXH FH WUDYDLO GH
UHFKHUFKHVHIRQGHVXUXQHK\SRWKqVHJpQpUDOH
Hypothèse. /DWR[LQH&U\%DHVWXQHWR[LQHIRUPHXVHGHSRUHV3)7
/¶REMHFWLISULQFLSDOVXLYDQWDGRQFpWpIL[pGDQVFHWWHUHFKHUFKH
Objectif. 7HVWHU O¶K\SRWKqVH HW FDUDFWpULVHU OHV UpSRQVHV REVHUYpHV j O¶RULJLQH GH OD
SHUPpDELOLVDWLRQHQFDVGHIRUPDWLRQGHSRUHVFRQGXFWDQFHVpOHFWLYLWpLRQLTXHGpSHQGDQFH
DXS+FLQpWLTXHDXPR\HQG¶H[SpULHQFHVHQELFRXFKHVOLSLGLTXHVSODQHV
(QUDLVRQGHO¶LPSRUWDQFHGHODWR[LQH&U\%SRXUOHFRQWU{OHGHVQpPDWRGHVGDQVOH
GRPDLQH GH OD VDQWp RQ DYDLW LQLWLDOOHPHQW IDLW XQH VHFRQGH K\SRWKqVH j VDYRLU TXH OH VLWH
G¶DFWLRQ GH OD WR[LQH pWDLW O¶LQWHVWLQ GH QpPDWRGH0DOKHXUHXVHPHQW RQ Q¶D SDV UpXVVL j OH
GpPRQWUHU SDU GHV H[SpULHQFHV SUpOLPLQDLUHV DX PR\HQ G¶XQH VRQGH IOXRUHVFHQWH
O¶KRPRGLPqUHGHO¶pWKLGLXPDILQGHPHVXUHUODYLDELOLWpGHCelegansH[SRVpj&U\%


CHAPITRE 3. MÉTHODES ET MATÉRIELS 

3OXVLHXUV WHFKQLTXHVpOHFWURSK\VLRORJLTXHVRQWpWpXWLOLVpHVGHSXLV ORQJWHPSVGDQVOH
EXWG¶DFTXpULUXQHPHLOOHXUHFRPSUpKHQVLRQGHVSURSULpWpVELRSK\VLTXHVGHVFDQDX[LRQLTXHV
3DUPLFHVWHFKQLTXHVFHOOHVGHV%/3DUWLILFLHOOHV0XOOHU et al.D0XOOHU et al.E
FRQVWLWXH XQ PRGqOH VLPSOH TXL RIIUH GHV DYDQWDJHV SDUIRLV LQDFFHVVLEOHV GDQV G¶DXWUHV
WHFKQLTXHV '¶DERUG OH FRQWHQX OLSLGLTXH GH OD ELFRXFKH VD FRPSRVLWLRQ OH S+ HW OD
FRQFHQWUDWLRQLRQLTXHGHVVROXWLRQVDTXHXVHVGHSDUWHWG¶DXWUHGHODPHPEUDQHSHXYHQWrWUH
SUpFLVpPHQW GpILQLV HW IDFLOHPHQW YDULpV SDU O¶H[SpULPHQWDWHXU GH VRUWH TXH VHV SURSULpWpV
SK\VLFRFKLPLTXHVIRQGDPHQWDOHVVRLHQWWUqVVHPEODEOHVjFHOOHVGHVPHPEUDQHVELRORJLTXHV
(QVXLWH OD WHFKQLTXHGH%/3SHUPHW O¶pWXGHGHVSURSULpWpVGHVFDQDX[ LRQLTXHV ORUVTXHFHV
GHUQLHUV QH SHXYHQW SDV rWUH pWXGLpV GDQV OHXU HQYLURQQHPHQW SK\VLRORJLTXH WHO FHOXL G¶XQH
FHOOXOH LQWDFWH FRPPH F¶HVW OH FDV SRXU OD WHFKQLTXH GH SDWFKFODPS 2Q RXWUH GDQV OD
WHFKQLTXHGHV%/3OHVSURWpLQHVTXLQHVRQWSDVLQWULQVqTXHVjODFHOOXOHFRPPHOHVWR[LQHV
SHXYHQW rWUH SXULILpHV HW UHFRQVWLWXpHV GDQV OD ELFRXFKH SHUPHWWDQW DLQVL O¶pWXGH GH OHXUV
FDUDFWpULVWLTXHV SURSUHV VDQV O¶LQIOXHQFH GHV DXWUHV FRQVWLWXDQWV GH OD PHPEUDQH FHOOXODLUH
QDWLYH .RXOHQ  /D WHFKQLTXH GHV %/3 D GRQF pWp XWLOLVpH GDQV FHWWH pWXGH DILQ
G¶pWXGLHU OHV SURSULpWpV pOHFWURSK\VLRORJLTXHV GH OD WR[LQH&U\%D (OOH HVW GpFULWH GDQV OD
VHFWLRQVXLYDQWH


3.1 Bicouches lipidiques planes 

/HV SKRVSKROLSLGHV VRQW XQH IDPLOOH GH OLSLGHV OHV SOXV DERQGDQWV GDQV OD FRPSRVLWLRQ GH
WRXWHVOHVPHPEUDQHVELRORJLTXHV,OVVRQWIRUPpVG¶XQF{WpSDUXQJURXSHPHQWFDUER[\OLTXH
FKDUJppOHFWULTXHPHQWSRODLUHHWK\GURSKLOH DSSHOp© WrWHSRODLUHªHWGH O¶DXWUHF{WpSDU
GHX[ FKDvQHV K\GURSKREHV G¶DFLGHV JUDV QRQ FKDUJpV HW DSRODLUHV DSSHOpH © TXHXH
K\GURSKREHª/DWrWHK\GURSKLOHGHVSKRVSKROLSLGHVFRQWLHQWW\SLTXHPHQWGHVJURXSHPHQWV
SKRVSKDWHV QpJDWLYHPHQW FKDUJpV RX GHV JURXSHV QRQ FKDUJpV SRODLUHV /D IRUPDWLRQ GH OD
%/3VXLWOHSULQFLSHVXLYDQWORUVTXHOHVPROpFXOHVDPSKLSKLOHVGHVSKRVSKROLSLGHVXWLOLVpVVH
PHWWHQWHQFRQWDFWDYHFXQPLOLHXDTXHX[HOOHVV¶DXWRRUJDQLVHQWVSRQWDQpPHQWSRXUIRUPHU
XQDJUpJDWHQGRXEOHFRXFKH&HFL VHSURGXLWJUkFHjGHV LQWHUDFWLRQVpOHFWURVWDWLTXHVRX OD
IRUPDWLRQGHVSRQWVK\GURJqQHHQWUHOHVWrWHVK\GURSKLOHVGHVSKRVSKROLSLGHVHWOHVPROpFXOHV
GXPLOLHXDTXHX[/HVTXHXHVK\GURSKREHVUHSRXVVpHVSDUO¶HDXV¶DOLJQHQWOHVXQHVHQIDFH
OHV DXWUHV HW V¶HQIRXLVVHQW DX FHQWUH GH OD ELFRXFKH /HV WrWHV K\GURSKLOHV V¶H[SRVHQW j
O¶LQWHUIDFHDTXHXVHGHSDUWHWG¶DXWUHGHODELFRXFKH$OEHUWV et al.&HWWHRUJDQLVDWLRQ
pQHUJpWLTXHPHQWVWDEOHSHUPHWGHPLQLPLVHUOHVLQWHUDFWLRQVHQWUHOHVSDUWLHVK\GURSKREHVGHV
SKRVSKROLSLGHVHWOHVPROpFXOHVG¶HDX

3.2 Montage expérimental

/¶HQVHPEOH GX GLVSRVLWLI H[SpULPHQWDO XWLOLVp GDQV FHWWH pWXGH HVW PRQWUp GDQV OD
Figure 3.1 ,O VHFRPSRVHG¶XQVXSSRUW 1Figure 3.1FRQVWLWXpGHSRO\FKORUXUHGHYLQ\OH
39&GDQV OHTXHOGHX[FRPSDUWLPHQWVF\OLQGULTXHVDGMDFHQWV DSSHOpVcis HW transRQWpWp

XVLQpV 8QH FRXSH F\OLQGULTXH 2 Figure 3.1 IDEULTXpH HQ SRO\DFpWDO HVW LQVpUpH GDQV OH
FRPSDUWLPHQW cis /D FRXSH FRQWLHQW GDQV VD SDURL ODWpUDOH XQH SHWLWH UpJLRQ FLUFXODLUH
DPLQFLH GDQV ODTXHOOH XQ RULILFH 3 Figure 3.1 GH  P GH GLDPqWUH HW GH  P
G¶pSDLVVHXU D pWp SHUFp /HV GLPHQVLRQV GH O¶RULILFH VRQW LPSRUWDQWHV GDQV O¶REWHQWLRQ GH
ELFRXFKHV DSSURSULpHV /HV QRPEUHXVHV pWXGHV HIIHFWXpHV DX ILO GHV DQQpHV GDQV QRWUH
ODERUDWRLUHRQWpWDEOLTX¶XQHWHOOHGLPHQVLRQG¶RULILFHHVWDVVH]SHWLWHSRXUUpGXLUHOHEUXLWGH
IRQGGXFRXUDQWJUkFHjXQHIDLEOHFDSDFLWDQFHGHODELFRXFKHPDLVHVWVXIILVDPPHQWJUDQGH
SRXUSHUPHWWUHj ODIRLV ODYLVXDOLVDWLRQGHO¶RULILFHHWXQWDX[DFFHSWDEOHG¶LQFRUSRUDWLRQGH
SURWpLQHV$YDQWVRQLQVHUWLRQGDQVOHFRPSDUWLPHQWcisODFRXSHGHSRO\DFpWDOHVWSUpWUDLWpH
DYHF XQPpODQJH GH OLSLGHV VHFWLRQ  GLVSHUVpV GDQV OH VROYDQW QRQ SRODLUHnGpFDQH
GDQV OH EXW GH IDFLOLWHU OD IRUPDWLRQ GH OD ELFRXFKH /D FRXSH SUpWUDLWpH HVW HQVXLWH
LPPpGLDWHPHQWLQVpUpHGDQVVRQORJHPHQWGXPRQWDJHH[SpULPHQWDO/HVVROXWLRQVDTXHXVHV
GH.&OVHFWLRQVRQWDMRXWpHVGDQVFKDTXHFRPSDUWLPHQWP/GXF{WpcisHWP/
GX F{Wp trans UHVSHFWLYHPHQW /H SRWHQWLHO pOHFWULTXH GH FRPPDQGH 9F HVW DSSOLTXp DX
FRPSDUWLPHQW cis OH FRPSDUWLPHQW trans pWDQW PDLQWHQX j OD WHUUH YLUWXHOOH /D FRQWLQXLWp
pOHFWULTXH HQWUH O¶DPSOLILFDWHXU GH FRQWU{OH HW GH PHVXUH HW OHV VROXWLRQV pOHFWURO\WHV GDQV
FKDFXQGHVFRPSDUWLPHQWVHVWUpDOLVpHSDUO¶LQWHUPpGLDLUHGHVSRQWVG¶DJDUDJDU4Figure 3.1
HWVHFWLRQSODFpVHQWUHOHVFRPSDUWLPHQWVHWGHVSHWLWVSXLWV6Figure 3.1UHPSOLVGH
VROXWLRQ 0 GH .&O GDQV OHVTXHOV EDLJQHQW OHV pOHFWURGHV G¶$J$J&O 5 Figure 3.1
FRQQHFWpVj O¶DPSOLILFDWHXU11Figure 3.1/HVSRQWVG¶DJDUDJDUDVVXUHQW ODPLQLPLVDWLRQ
GHVSRWHQWLHOVGHMRQFWLRQVHWpYLWHQWODFRQWDPLQDWLRQGHVVROXWLRQV.&ODYHFOHVLRQV$JHW
FHOOHGHVpOHFWURGHVDYHFOHVSURWpLQHVjO¶pWXGH

3.2.1 Formation de la bicouche
/DSDUWLHDYDQWGXFRPSDUWLPHQWtransSRVVqGHXQHIHQrWUHGHYHUUH8Figure 3.1j
WUDYHUVODTXHOOHRQSHXWREVHUYHUjO¶DLGHG¶XQHORXSHELQRFXODLUHHWG¶XQLOOXPLQDWHXUjILEUH
RSWLTXHO¶RULILFHGHODFRXSH3Figure 3.1VXUOHTXHOODELFRXFKHVHUDSHLQWH/DELFRXFKH
HVWSHLQWHDXPR\HQG¶XQHSLSHWWH3DVWHXU j O¶H[WUpPLWpGH ODTXHOOHXQHERXOHGH WDLOOH WUqV
SHWLWH D pWp IRUPpH j OD IODPPH G¶XQ EHF %XQVHQ 6RXV REVHUYDWLRQ ELQRFXODLUH XQH
JRXWWHOHWWH GH VROXWLRQ OLSLGLTXH UpFXSpUpH DYHF OD SLSHWWH 3DVWHXU HVW GpSRVpH VXU O¶RULILFH
G¶XQ PRXYHPHQW YHUWLFDO 8QH ELFRXFKH GH TXHOTXHV PLFURPqWUHV G¶pSDLVVHXU VH IRUPH
LQLWLDOHPHQWj WUDYHUV O¶RULILFH(OOHV¶DPLQFLWHQVXLWHVSRQWDQpPHQWVRXV O¶HIIHWGHSOXVLHXUV
IRUFHVWKHUPRG\QDPLTXHV&HVIRUFHVSHUPHWWHQWDXVVLO¶pYDFXDWLRQGHVPROpFXOHVGHVROYDQW
SLpJpHV GDQV OD ELFRXFKH SHQGDQW VD IRUPDWLRQ :KLWH  (Q YHUWX GH OD
WKHUPRG\QDPLTXH OD ELFRXFKH V¶DPLQFLW j XQH pSDLVVHXU G¶pTXLOLEUH SURFKH GH OD YDOHXU
G¶HQYLURQ  QP GHV PHPEUDQHV QDWXUHOOHV RX G¶XQH FDSDFLWDQFH GH VXUIDFH G¶HQYLURQ 
)FP'RZOLQJ'DQVFHWWHpWXGH ODTXDOLWpGHOD%/3IRUPpHDpWppYDOXpHSDU OD
PHVXUHGHVDFDSDFLWDQFHpOHFWULTXHVHFWLRQ3RXUFHIDLUHXQSRWHQWLHOWHVWWULDQJXODLUH
P9FUrWHjFUrWH+]HVWDSSOLTXpjODELFRXFKHjO¶DLGHG¶XQERXWRQ&$37(67GX
V\VWqPH GH O¶DPSOLILFDWHXU /¶DPSOLWXGH GH O¶RQGH FDUUpH GX FRXUDQW TXL HQ UpVXOWH HVW
SURSRUWLRQQHOOHjODFDSDFLWDQFH&PGHODELFRXFKH(OOHHVWDIILFKpHVXU O¶RVFLOORVFRSH12
Figure 3.1'DQVFHWWHpWXGHOHVFDSDFLWDQFHVW\SLTXHVGHPHPEUDQHVYDULDLHQWHQWUHHW
 S) 3RXU XQ GLDPqWUH HIILFDFH GH OD ELFRXFKH G¶HQYLURQ  P HW XQH FDSDFLWDQFH
PR\HQQHGHS)RQREWLHQWXQHFDSDFLWDQFHVSpFLILTXHG¶HQYLURQ)FPXQHYDOHXU
WUqVSURFKHGHODYDOHXUGH)FPFDUDFWpULVWLTXHGHODSOXSDUWGHVPHPEUDQHVELRORJLTXHV



Figure 3.1. 'LDJUDPPH VLPSOLILp GX PRQWDJH H[SpULPHQWDO SRXU OHV PHVXUHV HQ %/3 1.
6XSSRUW2.&RXSHDYHF3 : 2ULILFHGHGLDPqWUHȝPVXUOHTXHOHVWSHLQWHODPHPEUDQH 4. 
3RQWV G¶DJDUDJDU 5. eOHFWURGHV $J$J&O 6. 3XLWV FRQWHQDQW 0 GH .&O 7. %DUUHDX[
G¶DJLWDWLRQ PDJQpWLTXHV 8. )HQrWUH GH YHUUH 9. 7DEOH DQWLYLEUDWLRQV 10. 6\VWqPH GH
FRPPDQGH GH SRWHQWLHO 11. $PSOLILFDWHXU GX FRXUDQW 12. 2VFLOORVFRSH 13. &RQYHUWLVVHXU
DQDORJLTXHQXPpULTXH 14. 2UGLQDWHXU 15. &DJHGH)DUDGD\Vc 3RWHQWLHOGHFRPPDQGHIm 
&RXUDQW WUDQVPHPEUDQDLUH Rf : UpVLVWDQFH  *ȍ GH FRQWUHUpDFWLRQ GX V\VWqPH GH
O¶DPSOLILFDWLRQGXFRXUDQW ,P3DUVRXFLGHFODUWp OHGLVSRVLWLIGH ODELFRXFKHHVWSUpVHQWpj
XQHpFKHOOHDJUDQGLHSDUUDSSRUWDX[DXWUHVpOpPHQWVGXPRQWDJH
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$ILQGHYpULILHUODVWDELOLWpGHODELFRXFKHHWO¶DEVHQFHGHFRQWDPLQDWLRQGHVSRWHQWLHOV
GHP9VRQWDSSOLTXpVSRXUXQHSpULRGHGHjPLQXWHV$XFXQHDFWLYLWpFDQDOQHGRLW
rWUHREVHUYpHHWOHFRXUDQWjWUDYHUVODELFRXFKHGRLWUHVWHUSOXVSHWLWTXHS$GDQVQRWUHFDV

3.2.2 Reconstitution de la toxine 
/DWR[LQH&U\%DVRXVODIRUPHSXULILpHHWDFWLYpHGHN'D.DR et al.HVW
LQMHFWpHj O¶DLGHG¶XQHSLSHWWH3DVWHXUVWpULOHGDQV OHFRPSDUWLPHQWcisGXPRQWDJH'DQV OH
EXWG¶REWHQLUGHVFRXUDQWVXQLWDLUHVGHVSHWLWHVGRVHVGHjJP/RQWpWpXWLOLVpHV$ILQ
GH SURPRXYRLU HW IDFLOLWHU O¶LQVHUWLRQ GH OD WR[LQH GDQV OD ELFRXFKH OD VROXWLRQ GDQV OH
FRPSDUWLPHQWcisHVWDJLWpHFRQWLQXHOOHPHQWSDU O¶LQWHUPpGLDLUHG¶XQEDUUHDXPDJQpWLTXH7
Figure 3.1 PLV HQ PRXYHPHQW j O¶DLGH G¶XQ DJLWDWHXU PDJQpWLTXH VLWXp HQGHVVRXV GX
PRQWDJH/¶LQVHUWLRQHVWDXVVLIDYRULVpHSDUOHPDLQWLHQGHSRWHQWLHOVHQWUHP97RXWHV
OHVH[SpULHQFHVRQWpWpUpDOLVpHVjWHPSpUDWXUHDPELDQWHGHjƕ&8QHVpULHGHSRWHQWLHOV
pOHFWULTXHV HVW DSSOLTXpH 6L OD WR[LQH IRUPH GHV SRUHV O¶DFTXLVLWLRQ GHV VDXWV GH FRXUDQW
LRQLTXHVFRUUHVSRQGDQWVjWUDYHUVODELFRXFKHHVWDFFRPSOLHDXPR\HQG¶XQDPSOLILFDWHXUGH
FRXUDQW11Figure 3.1TXLXWLOLVHXQFLUFXLWGHUpWURDFWLRQUpVLVWLIDYHF5I *ȍSRXU
DPSOLILHU OHVFRXUDQWV ,PPHVXUpV/HVVLJQDX[DQDORJLTXHVVRQWHQVXLWHFRQYHUWLVDXPR\HQ
GX FRQYHUWLVVHXU DQDORJLTXHQXPpULTXH 13Figure 3.1 HW VRQW WUDQVPLV SRXU DIILFKDJH DX
O¶RVFLOORVFRSHHWj O¶RUGLQDWHXU 12HW14Figure 3.1 UHVSHFWLYHPHQWR LOVVRQWYLVXDOLVpV
HQUHJLVWUpVHWDQDO\VpV


3.2.3 Lipides et solutions expérimentales
/HVOLSLGHV/ĮSKRVSKDWLG\OpWKDQORPLQH3(HW/ĮSKRVSKDWLG\OFKROLQH3&RQWpWp
DFKHWpV FKH] $YDQWL 3RODU /LSLGV $ODEDVWHU $ODEDPD 86$ GDQV XQH VROXWLRQPqUH GH
FKORURIRUPH DILQ G¶pYLWHU O¶R[\GDWLRQ HW VRQW FRQVHUYpV j ƕ& DYDQW OHXU XWLOLVDWLRQ /H
FKROHVWpURO&KRODpWpREWHQXHQSRXGUHGH6LJPD/DVROXWLRQOLSLGLTXHXWLOLVpHSRXUIRUPHU
OHVELFRXFKHVHVWFRQVWLWXpHG¶XQPpODQJHGH3(3&HW&KROGDQVOHUDSSRUWHQPDVVH
/H PpODQJH OLSLGLTXH HVW LQLWLDOHPHQW VpFKp SDU pYDSRUDWLRQ GX FKORURIRUPH VRXV XQ MHW
G¶D]RWHSHQGDQWPLQXWHV/HPpODQJHDLQVLVpFKpDpWpSDUODVXLWHUHVXVSHQGXGDQVGXn
GpFDQH j   $OGULFK &KHPLFDO &R 0LOZDXNHH :LVFRQVLQ DILQ G¶REWHQLU XQH
FRQFHQWUDWLRQILQDOHGHOLSLGHVGHPJP/(QVXLWHLOHVWGpOLFDWHPHQWSDVVpDXYRUWH[/H
PpODQJHOLSLGLTXHHVWIUDvFKHPHQWSUpSDUpDYDQWFKDTXHVHVVLRQH[SpULPHQWDOH
/HV VROXWLRQV VDOLQHV WDPSRQQpHV VXLYDQWHV HQP0 RQW pWp XWLOLVpHV   RX 
.&O&D&O7ULVS+DMXVWpDYHF1.2+RXRX.&O&D&O0(6S+
DMXVWpDYHF1+&O/HVVROXWLRQVVRQWSUpSDUpHVjO¶HDX0LOOL4(OOHVVRQWILOWUpHVGHX[
IRLVjWUDYHUVGHVILOWUHV0LOOLSRUHGHPDYDQWOHXUXWLOLVDWLRQ.&O('7$75,6EDVHHW
0(6VRQWGHSXUHWpDQDO\WLTXHHWRQWpWpDFTXLVDXSUqVGH6LJPD6W/RXLV0LVVRXUL86$

3.2.4 Préparation des coupes de Téflon
8Q QHWWR\DJH DSSURIRQGL GHV FRXSHV HVW H[WUrPHPHQW LPSRUWDQW DILQ G¶pYLWHU WRXW
ULVTXHGHFRQWDPLQDWLRQSDUGHVSURWpLQHVQRQGpVLUpHV/HVFRXSHVVRQWLPPHUJpHVGDQVXQH
VROXWLRQ GH 1D2+ j 0 SHQGDQW  K (QVXLWH HOOHV VRQW ULQFpHV DERQGDPPHQW j O¶HDX

GLVWLOOpHSXLVjO¶pWKDQROjSXLVDXFKORURIRUPHDILQG¶pOLPLQHUWRXWHVWUDFHVGHVHOVGH
WR[LQH GH OLSLGHV RX G¶DXWUHV LPSXUHWpV /HV FRXSHV VRQW SDU OD VXLWH VpFKpHV SHQGDQW 
PLQXWHVjODFKDOHXUG¶XQHODPSH$ILQGHIDFLOLWHUODIRUPDWLRQGHODELFRXFKHjO¶DLGHG¶XQH
ORXSH ELQRFXODLUH XQH JRXWWHOHWWH GH OD VROXWLRQ SKRVSKROLSLGLTXH HVW GpSRVpH VXU OH F{Wp
H[WHUQHGHO¶RULILFHGHODFRXSH/DFRXSHHVWVRXPLVHjXQMHWG¶D]RWHDILQGHIDLUHV¶pYDSRUHU
OHVROYDQWnGpFDQHHQFRQGLWLRQVQRQR[\GDQWHV/DFRXSHDLQVLSUpWUDLWpHVWLPPpGLDWHPHQW
LQVpUpHGDQVOHPRQWDJHH[SpULPHQWDO

3.2.5 Fabrication des ponts d’agar-agar
'HV SRQWV HQ IRUPH GH 8 VRQW FRQVWUXLWV HQ XWLOLVDQW GHV FDSLOODLUHV HQ YHUUH GH
GLDPqWUH LQWpULHXUGHPP&HWWHGLPHQVLRQHPSrFKH OH WUDQVIHUWGXPDWpULHOj WUDYHUV OH
SRQW HW Q¶DXJPHQWHSUDWLTXHPHQWSDV OD UpVLVWDQFH HQ VpULHGX V\VWqPH/HV FDSLOODLUHV VRQW
FRXSpVHQSHWLWVWXEHVGHORQJXHXUG¶HQYLURQFPHQXWLOLVDQWXQFRXSHYHUUH/HVWXEHVVRQW
FKDXIIpVGpOLFDWHPHQWjODIODPPHG¶XQEHF%XQVHQHWSOLpVjO¶DLGHG¶XQHSLQFHjODIRUPH
GpVLUpH8QHVROXWLRQGHJpORVHFRQVWLWXpHGHG¶DJDUDJDUGHP0G¶('7$GDQV0GH
.&ODpWpXWLOLVpHSRXUUHPSOLUOHVSRQWV/HVSRQWVRQWpWpUHPSOLVjUDVERUGGHJpORVHFKDXGH
DXPR\HQG¶XQH VHULQJXH8QHDWWHQWLRQSDUWLFXOLqUH HVW DFFRUGpH DILQGHQHSDVSLpJHUGHV
EXOOHV G¶DLU GDQV OHV SRQWV /HV SRQWV DLQVL UHPSOLV VRQW LPPpGLDWHPHQW SODFpV GDQV XQH
VROXWLRQGH0GH.&HWP0G¶('7$DILQG¶pYLWHUOHUpWUpFLVVHPHQWGHODJpORVHDXFRXUV
GXUHIURLGLVVHPHQWDLQVLTXHOHGHVVpFKHPHQWGHVH[WUpPLWpV$YDQWXWLOLVDWLRQOHVSRQWVVRQW
LQVSHFWpVSRXUGpWHFWHUWRXWHSUpVHQFHGHEXOOHVG¶DLU


3.2.6 Modèle électrique de la membrane lipidique
/HVVROXWLRQVG¶pOHFWURO\WHVTXLVHWURXYHQWGHSDUWHWG¶DXWUHGHODPHPEUDQHOLSLGLTXH
VRQW GHV PLOLHX[ OLTXLGHV FRQGXFWHXUV FRQVWLWXpV SULQFLSDOHPHQW GH GLIIpUHQWV VHOV GLVVRXV
GDQV O¶HDX 8QHPHPEUDQH OLSLGLTXH SXUH HW VDQV FDQDX[ LRQLTXHV HQ UDLVRQ GH VD QDWXUH
DPSKLSKLOHQHSHUPHWSDV OHSDVVDJHGHV LRQVG¶XQPLOLHXj O¶DXWUH(OOHVHFRPSRUWHDORUV
FRPPHXQERQLVRODQWpOHFWULTXHTXLVpSDUHFHVGHX[PLOLHX[/DPHPEUDQHDJLWGRQFFRPPH
XQFRQGHQVDWHXU jSODTXHVSDUDOOqOHVGRQW OHVSURSULpWpVpOHFWULTXHV VRQWGpWHUPLQpHVSDU VD
FDSDFLWDQFH&P Figure 3.2/RUVTXH ODPHPEUDQH HVW UHQGXHSHUPpDEOH DX[ LRQVSDUXQH
SURWpLQHODIDFLOLWpDYHFODTXHOOHXQW\SHG¶LRQVWUDYHUVHQWOHFDQDOHVWH[SULPpHHQWHUPHVGH
ODSHUPpDELOLWp3LRQRXGHODFRQGXFWDQFH*PHQ6LHPHQV »5PDYHF5PHQ2KPVpWDQWOD
UpVLVWDQFHGXFDQDORXYHUW6XUOHSODQpOHFWULTXHOD%/3SHUPpDEOHDX[LRQVSHXWrWUHGpFULWH
DXPR\HQGHVRQFLUFXLWpOHFWULTXHpTXLYDOHQWFRQVWLWXpGHODFDSDFLWDQFH&PGHODELFRXFKH
LPSHUPpDEOHHQSDUDOOqOHDYHFODFRQGXFWDQFH*PGXFDQDOLRQLTXHGDQVODELFRXFKHFigure 
3.2 /RUVTX¶LO Q¶\ D SDV GH JUDGLHQW GH FRQFHQWUDWLRQ LRQLTXH HQ PHVXUDQW OH FRXUDQW ,P
FLUFXODQW GDQV OH FDQDO LRQLTXH ORUVTX¶XQ SRWHQWLHO PHPEUDQDLUH 9P HVW DSSOLTXp j OD
PHPEUDQHRQSHXWHQGpGXLUHODFRQGXFWDQFH*PSRXUOHVFRQGLWLRQVLRQLTXHVFKRLVLHV3RXU
XQFDQDOTXLVHFRPSRUWHGHPDQLqUHRKPLTXHF¶HVWjGLUHOLQpDLUHOH9P ,Pî5PRX,P 
*P î9P /D FRQGXFWDQFH XQLWDLUH G¶XQ FDQDO LRQLTXH HVW XQH FDUDFWpULVWLTXH VSpFLILTXH GX
FDQDOIRUWHPHQWUHOLpHjVDVWUXFWXUH



Figure 3.2. 6FKpPDVLPSOLILp GXFLUFXLWpTXLYDOHQWGHODPHPEUDQHOLSLGLTXHSHUPpDEOHDX[
LRQV Cm FDSDFLWDQFH GH OD ELFRXFKH Gm  FRQGXFWDQFH GX FDQDO LRQLTXH IRUPp SDU OD
SURWpLQH LQVpUpH GDQV OD ELFRXFKH Vc  VRXUFH GH SRWHQWLHO LPSRVp j OD ELFRXFKH A 
DPSOLILFDWHXU RSpUDWLRQQHO GX FRXUDQW Rf  UpVLVWDQFH GH UpWURDFWLRQ GX V\VWqPH GH
O¶DPSOLILFDWHXUImFRXUDQWPHVXUp
3.2.7 Acquisition et convention de signe du courant
/HV FRXUDQWV LRQLTXHV j WUDYHUV OD SURWpLQH &U\%D UHFRQVWLWXpH HQ %/3 RQW pWp
PHVXUpVjO¶DLGHG¶XQV\VWqPH%LOD\HU&ODPS0RGHO%&&:DUQHU,QVWUXPHQWV+DPGHQ
&RQQHFWLFXW86$&HWDPSOLILFDWHXUDpWpXWLOLVpHQFRQILJXUDWLRQGHSRWHQWLHOLPSRVpRX©
Voltage-Clamp ª 0HYHV'DQVFHWWHFRQILJXUDWLRQ OHSRWHQWLHODSSOLTXp9F Figure 
3.1 HVW PDLQWHQX j GHV QLYHDX[ FRQVWDQWV FKRLVLV SDU O¶H[SpULPHQWDWHXU /H FRXUDQW
WUDQVPHPEUDQDLUH ,P HQ UpSRQVH j FHV SRWHQWLHOV LPSRVpV HVW PHVXUp VRXV OD IRUPH GH
SRWHQWLHO pOHFWULTXH SDU O¶DPSOLILFDWHXU IRQFWLRQQDQW HQ FRQYHUWLVVHXU DQDORJLTXH FRXUDQW
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SRWHQWLHO11Figure 3.1&HVSRWHQWLHOVUHSUpVHQWDQWOHVFRXUDQWVPHVXUpV,PVRQWILOWUpVj
N+] G% DXPR\HQ G¶XQ ILOWUH LQWpJUp DQDORJLTXH SDVVH EDV GX W\SH%HVVHO j KXLW S{OHV
)UHTXHQF\ 'HYLFHV +DYHUKLOO 0DVVDFKXVHWWV 86$ SXLV pFKDQWLOORQQpV j  N+] HQ
XWLOLVDQW O¶LQWHUIDFH'LJLGDWD$ $[RQ&160ROHFXODU'HYLFHV 6XQQ\YDOH &DOLIRUQLD
86$ /HV SRWHQWLHOV 9F LPSRVpV j OD PHPEUDQH VRQW pFKDQWLOORQQpV SDU O¶LQWHUIDFH j OD
PrPHIUpTXHQFH/HVFRXUDQWVHWOHVSRWHQWLHOVjODVRUWLHGHFRQYHUWLVVHXUVRQWYLVXDOLVpVHW
HQUHJLVWUpV GDQV XQ RUGLQDWHXU3& HQ XWLOLVDQW OD YHUVLRQ  GX ORJLFLHO$[RVFRSH $[RQ
,QVWUXPHQWV)RVWHU&LW\&DOLIRUQLD86$
/DFRQYHQWLRQFKRLVLHSRXUOHVLJQHGXFRXUDQWHVWODVXLYDQWHXQHGpIOHFWLRQSRVLWLYH
GXFRXUDQWREVHUYpHVXUO¶RVFLOORVFRSHRXHQUHJLVWUpHGDQVOHORJLFLHOG¶DFTXLVLWLRQHQUpSRQVH
jXQSRWHQWLHOGHPHPEUDQHLPSRVpSRVLWLIFRUUHVSRQGjXQPRXYHPHQWGHFKDUJHVSRVLWLYHV
GDQVOHVHQVcistrans/HSRWHQWLHOGHFRPPDQGHpWDQWDSSOLTXpDXFRPSDUWLPHQWcisDORUVTXH
OHFRPSDUWLPHQWtransHVWPDLQWHQXjODWHUUHYLUWXHOOHOHSRWHQWLHOWUDQVPHPEUDQDLUH9PHVW
GRQF pJDO DX SRWHQWLHO pOHFWULTXH GH FRPPDQGH 9F DSSOLTXp GDQV OH FRPSDUWLPHQW cis j
FRQGLWLRQTXHOHVSRWHQWLHOVGHMRQFWLRQDLHQWpWpFRUUHFWHPHQWFRUULJpV

3.2.8 Potentiels de jonction et interférences
'HV SRWHQWLHOV GH MRQFWLRQV VH SURGXLVHQW j O¶LQWHUIDFH GH PLOLHX[ FRQGXFWHXUV
GLIIpUHQWV2QSHXWGRQFV¶DWWHQGUHjO¶DSSDULWLRQGHSRWHQWLHOVGHMRQFWLRQjO¶LQWHUIDFHHQWUH
OHV SRQWV G¶DJDUDJDU RX OHV pOHFWURGHV $J$J&O HW OHV VROXWLRQV pOHFWURO\WHV GH .&O (Q
UDLVRQ GH OD V\PpWULH H[SpULPHQWDOH GX PRQWDJH XWLOLVp GDQV FHWWH pWXGH OHV SRWHQWLHOV GH
MRQFWLRQ VRQW HQ VHQV RSSRVp HW V¶DQQXOHQW SUDWLTXHPHQW (Q RXWUH LO D pWp pWDEOL TXH OHV

SRWHQWLHOV GH MRQFWLRQ OLTXLGH UHVWDLHQW LQIpULHXUV j  P9 HQ FRQGLWLRQV DV\PpWULTXHV GH
P0cistransGH.&O3H\URQQHW et al.E3DUFRQVpTXHQWDXFXQHFRUUHFWLRQ
GXSRWHQWLHOGHMRQFWLRQQ¶DpWpDSSOLTXpHGDQVOHVH[SpULHQFHVIDLWHVGDQVFHWWHpWXGH
/HPRQWDJHH[SpULPHQWDOG¶pWXGHGHVFDQDX[LQFRUSRUpVHQELFRXFKHVOLSLGLTXHVDpWp
SODFp GDQV XQH SHWLWH FDJH GH )DUDGD\ FRXYHUWH G¶XQHPRXVVH DEVRUEDQWH G¶LQVRQRULVDWLRQ
UHOLpH j OD WHUUH HW SODFpH VXU XQH WDEOH DQWLYLEUDWLRQ DILQ GH OH SURWpJHU GH WRXV OHV
LQFRQYpQLHQWVSURYHQDQWGHVVRXUFHVGHEUXLWpOHFWURPDJQpWLTXHPpFDQLTXHHWDFRXVWLTXH

3.3 Enregistrements et analyse de courants ioniques

/HV FRXUDQWV HQUHJLVWUpV RQW pWp DQDO\VpV j O¶DLGH GX ORJLFLHO S&ODPS YHUVLRQ 
$[RQ ,QVWUXPHQWV0ROHFXODU 'HYLFHV 6XQQ\YDOH &$ 86$ &HV FRXUDQWV VRQW G¶DERUG
ILOWUpV j  +] G% SDU OH ILOWUH QXPpULTXH *DXVVLHQ GX ORJLFLHO /HV DPSOLWXGHV GH
FRXUDQWV VRQWPHVXUpHVPDQXHOOHPHQW j O¶DLGHGHV FXUVHXUVKRUL]RQWDX[GLVSRQLEOHVGDQV OH
ORJLFLHORXDXWRPDWLTXHPHQWJUkFHjODIRQFWLRQGHJpQpUDWLRQGHVKLVWRJUDPPHVUHSUpVHQWDQW
OD GLVWULEXWLRQ GH WRXV OHV SRLQWV GH O¶HQUHJLVWUHPHQW KLVWRJUDPPH G¶DPSOLWXGH
/¶KLVWRJUDPPH G¶DPSOLWXGHV GRQQH OD GLVWULEXWLRQ GH WRXWHV OHV DPSOLWXGHV GH FRXUDQW
REVHUYpHV SHQGDQW O¶H[SpULHQFH D[H KRUL]RQWDO HQ S$ D[H YHUWLFDO QRPEUH G¶pYpQHPHQWV
SRXUFKDTXHYDOHXUGHFRXUDQW/DPpWKRGHPDQXHOOHDpWpXWLOLVpHSRXUO¶DQDO\VHGHVQLYHDX[
GH FRQGXFWDQFH FRUUHVSRQGDQW j GHV pYpQHPHQWV PRLQV IUpTXHQWV HW GH FRXUWH GXUpH GRQW
O¶LGHQWLILFDWLRQVXUOHVKLVWRJUDPPHVG¶DPSOLWXGHVpWDLWGLIILFLOHRXLPSRVVLEOH

3.3.1 Détermination des conductances
/¶HQYHORSSHGHVGLVWULEXWLRQVGHVDPSOLWXGHVREWHQXHVSDUDQDO\VHDXWRPDWLTXHDpWp
DMXVWpHSDUXQHRXODVRPPHGHIRQFWLRQVJDXVVLHQQHVXQHSRXUFKDTXHpWDWHQXWLOLVDQW OD
PpWKRGH GH PRLQGUHV FDUUpV DYHF O¶DOJRULWKPH /HYHQEHUJ0DUTXDUGW GLVSRQLEOH GDQV OH
ORJLFLHOS&ODPS/¶DPSOLWXGHPR\HQQHGXFRXUDQWGHFKDFXQGHVpWDWVHVWGpWHUPLQpHFRPPH
ODYDOHXUPR\HQQHGHFKDFXQGHVSLFVJDXVVLHQV

3.3.2 Détermination des relations courant-potentiel (I-V)
/HV UHODWLRQV ,9RQWpWpJpQpUpHV FRPPHVXLW SRXUFKDTXHH[SpULHQFH HWj FKDTXH
SRWHQWLHO DSSOLTXp OHV DPSOLWXGHV GH FRXUDQW GHV VDXWV LGHQWLILDEOHV RQW pWp PHVXUpHV /HV
YDOHXUVVHPEODEOHVGHVVDXWVLGHQWLILpVW\SLTXHPHQWGHjVXUXQWUDFpGHFRXUDQWRQWpWp
UHJURXSpHVHWOHXUPR\HQQHDpWpFDOFXOpH/HVYDOHXUVPR\HQQHVREWHQXHVRQWpWpWUDFpHVHQ
IRQFWLRQGXSRWHQWLHODSSOLTXp/HVYDOHXUVDLQVLREWHQXHVGDQVG¶DXWUHV H[SpULHQFHVRQWpWp
SDUODVXLWHUHJURXSpHVHWPR\HQQpHVVXUOHQRPEUHG¶H[SpULHQFHVGDQVOHVTXHOOHVFHVYDOHXUV
RQWpWpREVHUYpHV
3.3.3 Cinétique, probabilité d’ouverture, et sélectivité ionique
3.3.3.1 Temps d’ouverture et de fermeture
/HVFDQDX[LRQLTXHVSHXYHQWSDVVHUjWUDYHUVXQHVpULHG¶pWDWVGLVFUHWVG¶RXYHUWXUHRX
IHUPHWXUHSDUGHVWUDQVLWLRQVLQGpSHQGDQWHVTXLVRQWGHQDWXUHDOpDWRLUH/DORQJXHXUGHWHPSV
SHQGDQWODTXHOOHXQFDQDOUHVWHGDQVXQpWDWSDUWLFXOLHURXYHUWRXIHUPpHVWDXVVLXQHYDULDEOH

DOpDWRLUH&HWWHYDULDELOLWpSHXWrWUHGpFULWHSDUXQHIRQFWLRQGHGHQVLWpGHSUREDELOLWpGHW\SH
H[SRQHQWLHOOHGpFURLVVDQWHGHODIRUPHJpQpUDOH   WW  WHWI  RWHVWXQLQWHUYDOOHGH
WHPSVGH VpMRXUGX FDQDOGDQVXQ pWDW SDUWLFXOLHU RXYHUW RX IHUPp HW Ĳ HVW OD FRQVWDQWHGH
WHPSVGHO¶H[SRQHQWLHOOHRXOHWHPSVPR\HQGHVpMRXUGXFDQDOjFHWpWDWĲRSRXUO¶pWDWRXYHUW
RXĲISRXUO¶pWDWIHUPp/DIRQFWLRQGHGHQVLWpGHSUREDELOLWpIWHVWGpILQLHGHWHOOHVRUWHTXH
O¶LQWpJUDOH GH IW GH  j W HVW OD SUREDELOLWp TXH OH FDQDO UHVWH GDQV XQ pWDW RXYHUW SRXU XQ
WHPSVLQIpULHXUjW'DQVFHWWHpWXGHOHVKLVWRJUDPPHVGHWHPSVG¶RXYHUWXUHRXGHIHUPHWXUH
RQW pWp DMXVWpV SDU GHV IRQFWLRQV H[SRQHQWLHOOHVGX W\SH IW HW ODPpWKRGH GXPD[LPXPGH
YUDLVHPEODQFH GH O¶DOJRULWKPH /HYHQEHUJ0DUTXDUGW GLVSRQLEOH GDQV OH ORJLFLHO S&ODPS D
pWpXWLOLVpH/RUVTX¶LO\DSOXVLHXUVpWDWVG¶RXYHUWXUHRXGHIHUPHWXUHOHVKLVWRJUDPPHVGH
WHPSV G¶RXYHUWXUH RX GH IHUPHWXUH RQW pWp DMXVWpV SDU OD VRPPH SRQGpUpH GH SOXVLHXUV
H[SRQHQWLHOOHVGHODIRUPHIW
3.3.3.2 Probabilité d’ouverture
/RUVTX¶XQVHXOFDQDOHVWSUpVHQWGDQVODPHPEUDQHVDSUREDELOLWpG¶RXYHUWXUHSRHVW
HVWLPpHSDUOHUDSSRUWGHO¶DLUHFRUUHVSRQGDQWjO¶KLVWRJUDPPHG¶DPSOLWXGHGXFRXUDQWjO¶pWDW
RXYHUWHWO¶DLUHWRWDOHGHO¶KLVWRJUDPPHG¶DPSOLWXGHGXFRXUDQWWHOTXHGpFULWDXGpEXWGHOD
VHFWLRQ&HWWHYDOHXUHVWREWHQXHGHIDoRQDXWRPDWLTXHGDQV OH ORJLFLHOS&ODPS4XDQG
OHVHQUHJLVWUHPHQWVGHFRXUDQWFRQWLHQQHQWXQHQVHPEOHGH1 FDQDX[XQLWDLUHVGRQWFHUWDLQV
G¶HQWUH HX[ RX WRXV SHXYHQW V¶RXYULU VLPXOWDQpPHQW O¶DQDO\VH GHYLHQW SOXV FRPSOH[H
/¶DFWLYLWpGHVFDQDX[HQFHFDVOjHVWGpFULWHSDU ODSUREDELOLWpPR\HQQHGH O¶RXYHUWXUHGH
WRXV OHV 1 FDQDX[ 1SR &ROTXKRXQ HW +DZNHV  3RXU SOXVLHXUV W\SHV GH FDQDX[

FDWpJRULVpV © SRWHQWLHOGpSHQGDQWV ª OD SUREDELOLWp G¶RXYHUWXUH SR YDULH HQ IRQFWLRQ GX
SRWHQWLHODSSOLTXpjODPHPEUDQH
3.3.3.3 Sélectivité ionique
3RXUXQFDQDO LRQLTXHSHUPpDEOHjXQHVHXOHHVSqFHG¶LRQVGHFRQFHQWUDWLRQVGLIIpUHQWHVGH
SDUW HW G¶DXWUH GH ODPHPEUDQH OH IOX[ G¶LRQV j WUDYHUV OH FDQDO HVW HQWUDvQp SDU O¶HIIHW GX
JUDGLHQWGHSRWHQWLHOpOHFWURFKLPLTXH WUDQVPHPEUDQDLUHTXLH[LVWHSRXUFHW LRQ/HJUDGLHQW
GXSRWHQWLHOFKLPLTXH(LRQIDYRULVHOHIOX[GHO¶LRQGDQVOHVHQVGXJUDGLHQWGHFRQFHQWUDWLRQ
/HJUDGLHQWGXSRWHQWLHOpOHFWULTXH9P IDYRULVH OHXU IOX[GDQVXQVHQVTXLSHXWDSSX\HU OH
JUDGLHQWGHFRQFHQWUDWLRQRXV¶\RSSRVHU/HIOX[QHWGHO¶LRQjWUDYHUVGXFDQDOGpSHQGGHOD
GLIIpUHQFH GH FHV GHX[ FRPSRVDQWHV GX SRWHQWLHO pOHFWURFKLPLTXH 4XDQG 9P HVW
FRQWUHEDODQFp SDU (LRQ OH JUDGLHQW pOHFWURFKLPLTXH SRXU O¶LRQ HVW QXO HW OH IOX[ QHW RX OH
FRXUDQWWRWDOjWUDYHUVOHFDQDOHVWDXVVLQXO/¶LRQHVWHQpWDWG¶pTXLOLEUHpOHFWURFKLPLTXH/D
YDOHXU GX (LRQ SRXU ODTXHOOH FHWWH pWDW G¶pTXLOLEUH HVW DWWHLQW HVW DSSHOpH OH © SRWHQWLHO
G¶pTXLOLEUH G¶LRQ ª HW SHXW rWUH FDOFXOpH j O¶DLGH GH O¶pTXDWLRQ GH 1HUQVW VXLYDQWH +LOOH
D
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DYHF5 FRQVWDQWH GHV JD] SDUIDLWV    -.PRO 7WHPSpUDWXUH DEVROXH HQ GHJUp
.HOYLQ     7ƕ& )FRQVWDQWH GH )DUDGD\   î&PRO ]LRQ YDOHQFH GH
O¶LRQ FRQVLGpUp >&LRQ@WUDQV HW >&LRQ@FLV VRQW OHV FRQFHQWUDWLRQV GH O¶LRQ FRQVLGpUp GDQV OHV
FRPSDUWLPHQWV trans HW cis RX H[WpULHXU HW LQWpULHXU GDQV OH FDV GH OD FHOOXOH (LRQ HVW DXVVL

DSSHOp OH SRWHQWLHO G¶LQYHUVLRQ (LQY SXLVTXH F¶HVW DXVVL OD YDOHXU GX SRWHQWLHO
WUDQVPHPEUDQDLUHSRXUODTXHOOH OHFRXUDQW LRQLTXHQHWTX¶LOHQWUDvQHFKDQJHGHVHQVSDVVH
GX SRVLWLI RX QpJDWLI TXDQG 9P GpSDVVH (LRQ (Q SUpVHQFH G¶XQ JUDGLHQW GH FRQFHQWUDWLRQ
»P0.&OODUpVROXWLRQGHO¶pTXDWLRQSRXUOHVFRQGLWLRQVH[SpULPHQWDOHVVROXWpV
FRQFHQWUDWLRQHWWHPSpUDWXUHXWLOLVpHVGDQVFHWWHpWXGHGRQQHOHVYDOHXUV(.+ P9HW
(&O- P9GHVSRWHQWLHOVG¶pTXLOLEUHORUVTXHOHFDQDOHVWXQLTXHPHQWSHUPpDEOHjO¶XQ
GHVGHX[LRQV&HSHQGDQWODSOXSDUWGHVFDQDX[LRQLTXHVQHVRQWSDVSDUIDLWHPHQWVpOHFWLIVHW
VRQW GRQF SHUPpDEOHV j SOXVLHXUV W\SHV G¶LRQ /H SRWHQWLHO G¶pTXLOLEUH HVW DORUV FDOFXOp HQ
DSSOLTXDQW OD IRUPH JpQpUDOLVpH GH O¶pTXDWLRQ GH1HUQVW FRQQX VRXV OH QRP © pTXDWLRQ GH
SRWHQWLHO ªGH*ROGPDQ+RGJNLQ.DW]RX*+. +LOOH E/RUVTXH OHV LRQVSHUPpDQWV
VRQWOHSRWDVVLXPHWOHFKORUHO¶pTXDWLRQ*+.SUHQGODIRUPHVXLYDQWH
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R3.31D HW3&OVRQWOHVFRQVWDQWHVGHSHUPpDELOLWpGXFDQDODX[LRQV.+1D+HW&O-/HV
DXWUHV SDUDPqWUHV VRQW OHV PrPHV TXH GDQV O¶pTXDWLRQ  3UDWLTXHPHQW OHV YDOHXUV (LQY
FRUUHVSRQGHQWDX[YDOHXUVGHSRWHQWLHO9PREWHQXHVDX[SRLQWVG¶LQWHUVHFWLRQVGHVFHVFRXUEHV
,9DYHF O¶D[HGH O¶DEVFLVVH9/DVXEVWLWXWLRQGHVYDOHXUV FRQQXHV(LQYGDQV O¶pTXDWLRQ 
SHUPHW OD GpWHUPLQDWLRQ TXDQWLWDWLYH GX UDSSRUW 3.3&O HW GRQF GH OD VpOHFWLYLWp LRQLTXH
UHODWLYHGXFDQDO
 

CHAPITRE 4. RÉSULTATS

4.1 Modélisation par homologie de la structure 3D de Cry5Ba

/HPRGqOHWKpRULTXHGHODVWUXFWXUHWULGLPHQVLRQQHOOHGH&U\%D&RGH8QL3URW.%
4DpWpSUpGLWGDQVFHWWHpWXGHSDUKRPRORJLHDYHFODVWUXFWXUHpOXFLGpHGHOD WR[LQH
&U\$D &RGH8QL3URW.%44.0 /H&U\$D HVW XQH SURWR[LQH GH  N'D HW G¶XQH
VpTXHQFHGH$$6DIRUPHDFWLYpHHVWGHN'DHWFRPSUHQGXQWRWDOGH$$VLWXpV
HQWUHOHVUpVLGXVj*URFKXOVNL et al.8QDOLJQHPHQWLQLWLDOGHVVpTXHQFHVGHV
GHX[WR[LQHVDpWpUpDOLVpHQXWLOLVDQW OHSURJUDPPH%/$67GH6ZLVV0RGHO$UQROG et al.
 /¶DOLJQHPHQW LQLWLDO DLQVL REWHQX D pWp SDU OD VXLWH DMXVWpPDQXHOOHPHQW j O¶DLGH GX
ORJLFLHO 6ZLVV3GE9LHZHU  GH VRUWH TXH OHV GLIIpUHQFHV UpVXOWDQW GHV GLYHUV GRPDLQHV ,,
GDQVOHV WR[LQHV&U\HW O¶DEVHQFHGXEORFGH&U\%DVRLWPLQLPLVpHV/D&U\%DSRVVqGH
TXDWUHGHVFLQTEORFVG¶DFLGHVDPLQpVFRQVHUYpVSDUPLOHVįHQGRWR[LQHV&U\$ILQG¶REWHQLU
XQPRGqOHFRPSDWLEOHDYHF&U\$DXQDOLJQHPHQWVDWLVIDLVDQWGHVVpTXHQFHVDSSDUWHQDQWDX[
TXDWUHEORFVFRQVHUYpVDpWpYLVp/¶DOLJQHPHQWDLQVLREWHQXHVWSUpVHQWpjODFigure 4.1/HV
EORFVFRQVHUYpVDLQVLTXH OHPRWLIFDUDFWpULVWLTXHDX[ WR[LQHVQpPDWLFLGHV VRQW LQGLTXpVHQ
JULV/DVpTXHQFHHQDFLGHVDPLQpVGHOD&U\%DFRUUHVSRQGDQWjODWR[LQHDFWLYpH&U\$DVH
FRPSRVHGHDFLGHVDPLQpVTXLV¶pWHQGHQWHQWUHOHVUpVLGXVj&HWWHVpTXHQFHGHOD
&U\%D SDUWDJH XQH LGHQWLWp GH VpTXHQFH UHODWLYHPHQW IDLEOH GH   DYHF OD UpJLRQ GH
&U\$DDFWLYpH1pDQPRLQVODSUpVHQFHGDQVFHVGHX[VpTXHQFHVGHVTXDWUHEORFVFRQVHUYpV

SDUPLOHVWR[LQHV&U\HWOHXUDOLJQHPHQWVDWLVIDLVDQWREWHQXDFRQVWLWXpXQHEDVHUDLVRQQDEOH
SHUPHWWDQWGHGpGXLUHXQPRGqOHSRXUOH&U\%D
Cry5Ba 65   GKLDYFALTKASISLIGFIPGAEAAVPFINMFVDFVWPKLFGANTEGKDQ
Cry1Aa 33   YTPIDISLSLTQFLLSEFVPGAGFVLGLVDIIWGIFGPSQWDAFLVQIEQ
..*. . . *  *.***   . .....  .  *    *     .*
Cry5Ba 115  QLFNAIMDAVNKMVDNKFLSYNLSTLNKTIEGLQGNLGLFQNAIQVAICQ
Cry1Aa 83 -LINQRIEEFAR---NQAISRLE--------GLSNLYQIYAESFRE----
*.*  ..   .   *  .*           **     .. ....
Cry5Ba 165  GSTPERVNFDQNCTPCNPNQPCKDDLDRVASRFDTANSQFTQHLPEFKNP
Cry1Aa 117 -------------WEADPTNPALREEMRIQFN-DM-NSALTTAIPLLAV- 
.*  *   .  *.    *  ** .*  .* .
Cry5Ba 215  WSDENSTQEFKRTSVELTLPMYTTVATLHLLLYEGYIEFMTKWNFHNEQY
Cry1Aa 151 ---QNY-QVP-------LLSVYVQAANLHLSVLRDVSVFGQRWGFDAAT- 
.*  *          *..*   * *** . *  .* *
Cry5Ba 265  LNNLKVELQQLIHSYSETVRTSFLQFLPTLNNRSKSSVNAYNRYVRNMTV
Cry1Aa 189  INSRYNDLTRLIGNYTDYAVRWYNTGLERVWGPDSRDWVRYNQFRRELTL
.*.   .* .** .*..     .   *  .          **.. *..*.
Cry5Ba 315 NCLDIAATWPTFDTHNYHQGGKLDLTRIILSDTAGPIEEYTTGDKTSGPE
Cry1Aa 239 TVLDIVALFSNYDSRRYPIRTVSQLTREIYTNPVLENFDGSFRGMAQRIE
*** *  . .*.. *      .*** * ..      . .   ..   *
Cry5Ba 365  HSNITPNNILDTPSPT-YQHS---FVSVDSIVY--SRKELQQLDIATYST
Cry1Aa 289  QNIRQPHLMDILNSITIYTDVHRGFNYWSGHQITASPVGFSGPEFAFPLF
..   *. .    * * *      *    .     *   .   ..*
Cry5Ba 409  NNSNNCHPYGLRLSYTDGSRYDYGDNQPDFT---TSNNNYCHNSYTAPIT
Cry1Aa 339  GNAGNAAPPVLVSLTGLGIFRTLSSPLYRRIILGSGPNNQELFVLDG--T 
*. *  *  * *     .          .. **       .  *
Cry5Ba 456  LVNARHLYNAKGSLQNVESLVVSTVNGGSGSCICDAWINYLRPPQTSKNE
Cry1Aa 387  EFSFASLTTNLP----------STIYRQRGTVDSLDVI----PPQDNSVP
.   *               **.    *.      *    *** .
Cry5Ba 506  SRPDQKINVLYPITETVNK-GTGGNLGVI--SAYVPMELVPENVIGDVNA
Cry1Aa 423  PRAGFSH-RLSHVTMLSQAAGAVYTLRAPTFSWQHRSAEFNNIIPSSQI- 
.*.      *  .*      *.   *     *         . . .
Cry5Ba 553  DTKLPLTQLKGFPFEKYGSEYNNRGISLVREWINGNNAVKLSNSQSVGIQ
Cry1Aa 471 -TQIPLTKSTNLGSGTSVVKGPGFTGGDILRRTSPGQ---IS-TLRVN--
* .***    .              . .  . .      .* .  *
Cry5Ba 603  ITNQTKQKYEIRCRYASKGDNNVYFNVDLSENPFRNSISFGSTESSVVGV
Cry1Aa 514  ITAPLSQRYRVRIRYASTT-NLQFHTSIDGRPI--NQGNFSATMSSGSNL
**    *.* .* ****   *  .     .     *  .*..* **   .
Cry5Ba 653  QGENGKYILKSITTVEIPA-GSFYV---HITNQGSSDLFLDRIEFVP
Cry1Aa 561  QS--GSFRTVGFTTPFNFSNGSSVFTLSAHVFNSGNEVYIDRIEFVPAEVT
*.  * .   ..**    . **           .......*******

Figure 4.1. $OLJQHPHQW GHV VpTXHQFHV GHV SURWpLQHV &U\%D HW &U\$D XWLOLVp SRXU OD
PRGpOLVDWLRQGH OD VWUXFWXUH'GH OD&U\%D/HV V\PEROHV  HW  LQGLTXHQW OHV UpVLGXV
LGHQWLTXHVHWFRQVHUYpVUHVSHFWLYHPHQW/HVEORFVFRQVHUYpVDLQVLTXHOHEORF
FRQVHQVXVFFRQVHUYpXQLTXHPHQWGDQVOHVWR[LQHVQpPDWLFLGHVVRQWLQGLTXpVHQJULV
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&HW DOLJQHPHQW D pWp VRXPLV DX VHUYHXU GHPRGpOLVDWLRQ SDU KRPRORJLH DXWRPDWLVpH6ZLVV
0RGHODFFHVVLEOHVXUOHVLWHLQWHUQHWKWWSVZLVVPRGHOH[SDV\RUJTXLDUHQYR\pSDUODVXLWH
OHPRGqOHSUpGLW'GH&U\%D&HPRGqOHHVWSUpVHQWpVXSHUSRVpjODVWUXFWXUH'pOXFLGpH
GHOD&U\$DjODFigure 4.2/DYDOLGLWpGXPRGqOHDpWpWHVWpHDYHFOHORJLFLHO352&+(&.
/DVNRZVNL et al.  /H GLDJUDPPH GH 5DPDFKDGUDQ D LQGLTXp TXH   GHV DFLGHV
DPLQpVGHODVWUXFWXUHREWHQXHSRVVqGHQWGHVDQJOHVGLqGUHVĳHWȥLPSOLTXDQWUHVSHFWLYHPHQW
OHVDWRPHV&1&Į&HW1&Į&1GXVTXHOHWWHSURWpLTXHVHVLWXDQWHQGHGDQVGHV]RQHVGH
FRQIRUPDWLRQV SHUPLVHV /D VWUXFWXUH PRGqOH GH OD &U\%D REWHQXH HVW HQ DFFRUG DYHF OD
VWUXFWXUHJpQpUDOHj WURLVGRPDLQHVGHVDXWUHV WR[LQHV&U\/HPRGqOH&U\%DSRVVqGHWURLV
GRPDLQHVFRPSRVpVUHVSHFWLYHPHQWGHVUpVLGXVjGRPDLQH,jGRPDLQH,,
HWjGRPDLQH,,,/HGRPDLQH,HVWFRPSRVpGHVHSWKpOLFHVĮDYHFĮORFDOLVpHDX
FHQWUHHWHQWRXUpHSDUOHVDXWUHVKpOLFHVHWGHGHX[SHWLWVIHXLOOHWVȕVHVLWXDQWHQWUHOHVGHX[
GHUQLqUHV KpOLFHV /H GRPDLQH , SRVVqGH GRQF XQ UHSOLHPHQW JpQpUDO VLPLODLUH j FHOXL GH
&U\$D XQH FDUDFWpULVWLTXH KDXWHPHQW FRQVHUYpH SDUPL OHV WR[LQHV &U\ HW SHUPHWWDQW GH
SUpGLUH XQ U{OH VLPLODLUH GDQV OD IRUPDWLRQ GH SRUHV /H GRPDLQH ,, VH FRPSRVH GH WURLV
IHXLOOHWVȕGHTXDWUHEULQVDQWLSDUDOOqOHVIRUPDQWODVWUXFWXUHGHSULVPHȕeWDQWGRQQpTXHOD
&U\%D D XQH VpTXHQFH SOXV ORQJXH TXH &U\$D FHUWDLQHV GHV KpOLFHV GX GRPDLQH , GHV
ERXFOHVGHVGRPDLQHV,,HW,,,DLQVLTXHGHVIHXLOOHWVȕVRQWSOXVORQJVTXHFHOOHVGH&U\$D
&HODSRXUUDLWHQWUDvQHUGHVGLIIpUHQFHVGDQVODUHFRQQDLVVDQFHGHVUpFHSWHXUV
7UqVUpFHPPHQWODVWUXFWXUH'jXQHUpVROXWLRQGHcGHODWR[LQH&U\%DDFWLYpH
SDUO¶pODVWDVHDpWpGpSRVpHDX3URWHLQ'DWD%DQNVRXVOHFRGH'0OHGpFHPEUH
VXLWH j VD SXEOLFDWLRQ SDU +XL et al  (OOH HVW FRQVWLWXpH GHV UpVLGXV  j  HW

SRVVqGH XQ UHSOLHPHQW VWUXFWXUHO j WURLV GRPDLQHV Figure 4.2C TXL UHVVHPEOH j FHOXL GHV
SURWpLQHV &U\ LQVHFWLFLGHV HW GLIIqUH SHX GXPRGqOH pWDEOL LFL SDU KRPRORJLH (Q UDLVRQ GH
O¶DFWLYDWLRQ SDU pODVWDVH OD SURWpLQH&U\%D QH SRVVqGH SDV OHV UpVLGXV  HW  GDQV OD
ERXFOH UHOLDQW OHV KpOLFHV  HW  /D &U\%D DLQVL DFWLYpH HVW FRPSRVpH GH GHX[ FKDvQHV
SRO\SHSWLGLTXHVjHWjUHOLpHVSDUGHVSRQWVGLVXOIXUHV/HGRPDLQH,GHOD
VWUXFWXUHpOXFLGpH&U\%DHVWFRPSRVpGHVUpVLGXVjFRQVWLWXDQWFLQTKpOLFHVĮHWTXL
FRUUHVSRQGHQWDX[FLQTGHUQLqUHVKpOLFHVĮjĮGHOD&U\$DDFWLYpH/¶KpOLFHGH&U\%D
VHVLWXHDXFHQWUHGXGRPDLQH,/HGRPDLQH,GHOD&U\%DpOXFLGpHVHVXSHUSRVHWUqVELHQ
DX[GRPDLQHV,GHVWR[LQHVLQVHFWLFLGHV&U\$D&U\$D&U\$D&U\%&U\$D&U\%D
HW&U\(D+XL et al./HGRPDLQH,,GHODVWUXFWXUHpOXFLGpHGH&U\%DHVWFRPSRVp
GHV UpVLGXVjHWSRVVqGHXQ UHSOLHPHQWHQ IRUPHGHSULVPHȕ VLPLODLUHjFHOXLGHV
DXWUHVSURWpLQHV&U\3DUPLOHVWURLVGRPDLQHVGH&U\%DOHGRPDLQH,,HVWVWUXFWXUHOOHPHQW
OHSOXVGLIIpUHQWSDU UDSSRUWDX[GRPDLQHV ,,GHVSURWpLQHV&U\ LQVHFWLFLGHVPHQWLRQQpHVFL
GHVVXV&HGRPDLQHHVWG¶DYDQWDJHVLPLODLUHjODVWUXFWXUHGHODOHFWLQHGHEDQDQH%DQ/HFTXL
OLH DXVVL OHV JO\FROLSLGHV +XL et al.  &HFL VXJJqUH TXH FH GRPDLQH MRXH XQ U{OH
LPSRUWDQWGDQVODOLDLVRQGHODWR[LQH&U\%DDX[UpFHSWHXUVJO\FROLSLGHV/HGRPDLQH,,,GH
&U\%D V¶pWHQG GHV UpVLGXV  j  FRQVWLWXDQW GHX[ IHXLOOHWV ȕ DQWLSDUDOOqOHV GH TXDWUH
EULQV DQWLSDUDOOqOHV FKDFXQ IRUPDQW OD VWUXFWXUH FRQQXH FRPPH VDQGZLFKȕ GH GHX[ DXWUHV
IHXLOOHWVȕDLQVLTXHGHGHX[SHWLWHVKpOLFHVGH W\SHĮ VHVLWXDQWSHUSHQGLFXODLUHPHQWSDU
UDSSRUWDXVDQGZLFKȕ&HGRPDLQHHVWVWUXFWXUHOOHPHQWWUqVVHPEODEOHDX[GRPDLQHV,,,GHV
DXWUHV SURWpLQHV &U\ /H GHJUp GH VLPLODULWp HVW VXSpULHXU j FHOXL GHV GRPDLQHV ,, PDLV
LQIpULHXU j FHOXL GHV GRPDLQHV , /H GRPDLQH ,,, GH OD &U\%D HVW DXVVL VWUXFWXUHOOHPHQW
VLPLODLUHjGHVSURWpLQHVOLDQWOHVJO\FROLSLGHVFRPPHO¶HQ]\PHȕDJDUDVH&HFLVXJJqUHTXH

OH GRPDLQH ,,, GH &U\%D MRXH DXVVL XQ U{OH GDQV OD UHFRQQDLVVDQFH GHV UpFHSWHXUV
JO\FROLSLGHV ,O D pWp GpPRQWUp TXH OD WR[LQH &U\%D DLQVL DFWLYpH VH OLH DX[ JO\FROLSLGHV
H[WUDLWV GHV QpPDWRGHVPristionchus pacificus HWC. elegans +XL et al.  (Q SOXV OD
SURWR[LQH&U\%DVHOLHDXVVLDYHFXQHVSpFLILFLWppTXLYDOHQWHjFHOOHGH&U\%DDFWLYpHPDLV
DYHF XQH SOXV IDLEOH DIILQLWp VXJJpUDQW TXH O¶DFWLYDWLRQ SURWpRO\WLTXH GH &U\%D Q¶HVW SDV
REOLJDWRLUH SRXU VD OLDLVRQ DX[ UpFHSWHXUV JO\FROLSLGHV PDLV TX¶HOOH DXJPHQWH O¶DIILQLWp GH
FHWWHOLDLVRQ/HVVLWHVGHOLDLVRQGH&U\%DDX[UpFHSWHXUVJO\FROLSLGHVVHWURXYHQWGDQVOHV
ERXFOHVUHOLDQWOHVIHXLOOHWVȕjȕHWȕjȕGXGRPDLQH,,+XL et al.
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Figure 4.2.6XSHUSRVLWLRQGHODVWUXFWXUH'PRGqOHGH&U\%DHQPDXYHDYHFODVWUXFWXUH
' pOXFLGpH GH &U\$D HQ EOHX FODLU A. 9XH ODWpUDOH B. 9XH GH GHVVXV C. 6WUXFWXUH
WULGLPHQVLRQQHOOHpOXFLGpHGH&U\%DDFWLYpHYXHODWpUDOHUpVROXHjcDGDSWpHGH+XLet 
al
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Į6

/HPRGqOHVWUXFWXUHOGHOD&U\%DREWHQXGDQVFHPpPRLUHDXGpEXWGHHVWHQ
ERQDFFRUGDYHF ODVWUXFWXUHpOXFLGpHGH OD&U\%DDFWLYpH(QSDUWLFXOLHUGDQV ODVWUXFWXUH
pOXFLGpHFRPPHGDQVQRWUHPRGqOHO¶KpOLFHHVWODSOXVORQJXHPDLVHOOHFRPSRUWHHQYLURQ
 UpVLGXV DORUV TXH FHOOH PRGpOLVpH Q¶HQ D TXH  (Q SOXV OHV KpOLFHV  pOXFLGpHV HW
PRGpOLVpHVV¶pWHQGHQWHQWUHOHVUpVLGXVjHWjUHVSHFWLYHPHQW'HSOXVGDQV
OHVGHX[VWUXFWXUHV ODERXFOH UHOLDQW OHVKpOLFHVĮHWĮHVW ODSOXV ORQJXHHW ODSOXSDUWGHV
EULQVEHWDVRQWGHORQJXHXUFRPSDUDEOH3DUFRQWUHOHVGRPDLQHV,,GLYHUJHQWGDYDQWDJH


4.2 Formation de pores par Cry5Ba

/¶REMHFWLI SULQFLSDO GH FH WUDYDLO pWDLW GH WHVWHU OD FDSDFLWp SRURJqQH GH OD WR[LQH
QpPDWLFLGH &U\%D GDQV OHV %/3 VDQV UpFHSWHXUV DLQVL TXH G¶pWXGLHU OHV SURSULpWpV
pOHFWURSK\VLRORJLTXHVGHVSRUHVIRUPpV/HVH[SpULHQFHVIDLWHVGDQVOHVVROXWLRQVVDOLQHVGH
.&OjODIRLVjS+DFLGHSURFKHGHFHOXLGHO¶LQWHVWLQGHQpPDWRGHCelegans.RW]H et 
al.HWjS+DOFDOLQW\SLTXHGHO¶LQWHVWLQGHVODUYHVGHOpSLGRSWqUHVRQWGpPRQWUp
SRXU ODSUHPLqUH IRLVTXH OD WR[LQHQpPDWLFLGH&U\%DIRUPHGHVSRUHVGDQV OHVELFRXFKHV
/HVSRUHVRQWpWpREVHUYpVSRXUGHVGRVHVGHWR[LQHDXVVLIDLEOHVTXHjȝJP/j
 Q0 'DQV OH FDV GHV SURWpLQHV H[RJqQHV FRPPH OD &U\%D O¶LQVHUWLRQ GDQV OHV
ELFRXFKHV HVW HQ JpQpUDO GLIILFLOH HW SHXWPrPH QH SDV VH SURGXLUH DSUqV SOXVLHXUV KHXUHV
FRPPHFHIXWOHFDVGDQVHQYLURQODPRLWLpGHVHVVDLVIDLWVGDQVFHWWHpWXGH'DQVOHVDXWUHV
FDVO¶DFWLYLWpGHVSURWpLQHVLQVpUpHVGHYHQDLWUHODWLYHPHQWVWDEOHDSSDULWLRQUpSpWpHGHVDXWV
GH FRXUDQW VLPLODLUHV SHQGDQW WRXWH OD GXUpH GHV HQUHJLVWUHPHQWV HQWUH  j  PLQXWHV

VXLYDQW O¶DGGLWLRQ GH OD SURWpLQH GDQV OD FKDPEUH cis SpULRGH GXUDQW ODTXHOOH OH FRXUDQW j
WUDYHUVODELFRXFKHpWDLWH[WUrPHPHQWYDULDEOH

4.3 Propriétés électrophysiologiques des pores à pH 6.0
'DQVGHVFRQGLWLRQVV\PpWULTXHVGH.&OP0jS+SOXVLHXUVVDXWVGLVFUHWVGH
FRXUDQWjGLIIpUHQWVQLYHDX[RQWpWpREVHUYpVDSUqVO¶DMRXWGHODWR[LQHDFWLYpH&U\%DGDQVOH
FRPSDUWLPHQWcisHW O¶DSSOLFDWLRQG¶XQHVpULHGHSRWHQWLHOVYDULDQWGHP9jP9SDU
LQWHUYDOOHGHP9
4.3.1 Conductances  
/¶DQDO\VHGHVHQUHJLVWUHPHQWVGHVFRXUDQWVLRQLTXHVGHVSRUHVIRUPpVSDUOD&U\%DD
LQGLTXp TXH FHV GHUQLHUV SRVVqGHQW GLIIpUHQWV pWDWV GH FRQGXFWDQFHV /HV DFWLYLWpV TXL OHXUV
VRQW DVVRFLpHV VRQW DXVVL YDULDEOHV VRLW G¶XQHPHPEUDQH j O¶DXWUH SRXU OH PrPH SRWHQWLHO
LPSRVp j OD ELFRXFKH VRLW GDQV OD PrPH PHPEUDQH SRXU GHV SRWHQWLHOV GLIIpUHQWV 3DU
H[HPSOH OHV WUDFpV GH FRXUDQW$ HW % j ODFigure 4.3 RQW pWp REWHQXV VXU GHX[ ELFRXFKHV
GLIIpUHQWHVDORUVTXHOHPrPHSRWHQWLHOGHP9DYDLWpWpLPSRVpjFHVGHUQLqUHV
/H WUDFp$LOOXVWUHXQHQUHJLVWUHPHQWGHFRXUDQWGHGXUpHGHVHFRQGHV$XPRLQV
GHX[QLYHDX[GHFRXUDQWVFRUUHVSRQGDQWjXQHFRQGXFWDQFHGHS6VRQWSUpVHQWVGDQVOD
PHPEUDQH QLYHDX  HW VDXW GH  j  $X GpEXW GX WUDFp $ OH QLYHDX GX FRXUDQW
FRUUHVSRQGDQW j XQH FRQGXFWDQFH GH  S6 SDVVH EULqYHPHQW SHQGDQW HQYLURQ 
VHFRQGHVSDUXQpWDWGHFRQGXFWDQFHLQIpULHXURXGHVRXVFRQGXFWDQFHLQGLTXpSDUOHFKLIIUH
GDQVODILJXUHFRUUHVSRQGDQWjXQHFRQGXFWDQFHGHS6 VDXWVGHjjODFigure 4.3

SRXUHQVXLWH UHWRXUQHUjXQQLYHDXGHFRQGXFWDQFHPD[LPDOHQLYHDXGDQV OD ILJXUHSRXU
XQHGXUpHSOXVORQJXHG¶HQYLURQVHFRQGHV$XFXQVDXWGLUHFWHQWUHOHVQLYHDX[HWRX
HWc WRXVOHVSRUHVIHUPpVQ¶DpWpREVHUYp
(QUHYDQFKHVXUOHWUDFp%REWHQXSRXUXQHDXWUHPHPEUDQHPDLVDXPrPHSRWHQWLHOLPSRVp
GH  P9 OHV VDXWV GH FRXUDQW REVHUYpV RVFLOOHQW HQWUH SOXVLHXUV DXWUHV QLYHDX[ GH
FRQGXFWDQFH$XPRLQV GHX[ JUDQGV QLYHDX[ FRUUHVSRQGDQW j GHV FRQGXFWDQFHV GH  S6
VDXWVcjHWS6VDXWjRQWpWpREVHUYpV /HVDXWGHFRXUDQWFRUUHVSRQGDQWjXQH
FRQGXFWDQFH GH  S6 SDVVH SOXVLHXUV IRLV SDU O¶pWDW FRPSOqWHPHQW IHUPp c DLQVL TXH SDU
SOXVLHXUV pWDWV GH FRQGXFWDQFHV LQIpULHXUHV $LQVL RQ REVHUYH DX PRLQV GHX[ EUqYHV
WUDQVLWLRQV YHUV O¶pWDW GH VRXVFRQGXFWDQFH 6 HW GH GXUpHV UHVSHFWLYHV GH PV HW PV
FRUUHVSRQGDQWjXQHVRXVFRQGXFWDQFHGHS6VDXWGHj69HUVODILQGXWUDFp% OH
FRXUDQW FRUUHVSRQGDQW j OD FRQGXFWDQFH GH  S6 SDVVH SDU XQ GHX[LqPH pWDW GH VRXV
FRQGXFWDQFH6GHS6/HV\PEROHYHUV OH ILQGX WUDFp LQGLTXH XQDXWUHpWDWGHVRXV
FRQGXFWDQFHGHS6'HSOXVYHUVODILQGXWUDFp%RQREVHUYHGHX[RXYHUWXUHVVXFFHVVLYHV
j SDUWLU GX QLYHDX GH VRXVFRQGXFWDQFH6 HW FRUUHVSRQGDQW j XQH FRQGXFWDQFH  S6'H
SOXVGHX[VDXWVGHFRXUDQWFRUUHVSRQGDQWjODPrPHFRQGXFWDQFHGHS6VDXWVGHjHW
GHjVHWURXYHQWVXSHUSRVpVDXQLYHDXGHFRXUDQWFRQGXFWDQFHGHS6jODWRXWHILQ
GXWUDFp%/¶DQDO\VHSOXVGpWDLOOpHDLQGLTXpTXHOHVFRQGXFWDQFHVGHS6SRVVqGHQWOHXU
SURSUHpWDWGHVRXVFRQGXFWDQFHFRUUHVSRQGDQWjODPRLWLpGHOHXUFRQGXFWDQFHPD[LPDOH&HW
pWDWGH VRXVFRQGXFWDQFHDFHSHQGDQWDXVVLpWpREVHUYpHQ WDQWTX¶XQHVRXVFRQGXFWDQFHGH
FHOOHGHS6&HFLVXJJqUHGRQFTX¶LOHVWSRVVLEOHTXHOHVpWDWVGHFRQGXFWDQFHQHVRLHQW
SDVLQGpSHQGDQWV
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Figure 4.3. 7UDFpVGHVFRXUDQWV XQLWDLUHVjWUDYHUVOHVSRUHVIRUPpVSDUOD&U\%DGDQVGHX[
ELFRXFKHVGLIIpUHQWHVSRXUOHPrPHSRWHQWLHO LPSRVpGHP9HWHQP0.&OjS+
 /¶pWDW IHUPp  S$ HVW LQGLTXp SDU OD OHWWUH c HW OD OLJQH FRQWLQXH /HV QLYHDX[ GH
WUDQVLWLRQGXFRXUDQWVRQWUHSUpVHQWpVSDU OHV OLJQHVHQSRLQWLOOpVA./DFRQGXFWDQFHGH
S6 FRUUHVSRQGHQW DX[ VDXWV GH c j  HW  j  HW FHOOH GH  S6 DX VDXW GH  j B. /D
FRQGXFWDQFHGHS6FRUUHVSRQGHDX[VDXWVGHFjFHOOHGHS6DX[VDXWVGHj
FHOOHGHS6DX[VDXWVGHjHWjFHOOHGHS6DX[VDXWVGHj6HWHQILQFHOOHGH
S6DX[VDXWVGHj6/¶DJUDQGLVVHPHQWVRXVOHWUDFp%LOOXVWUHGHVWUDQVLWLRQVjpFKHOOH
WHPSRUHOOHpWHQGXH/HV\PEROHLQGLTXH XQpWDWGHVRXVFRQGXFWDQFHG¶HQYLURQS6
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
&HV PXOWLSOHV pWDWV GH FRQGXFWDQFH REVHUYpV VXU OH WUDFp % VRQW LGHQWLILDEOHV VXU
O¶KLVWRJUDPPHG¶DPSOLWXGHGXFRXUDQWPRQWUpjODFigure 4.4&HWKLVWRJUDPPHDpWpDMXVWp
SDUXQHVRPPHGHIRQFWLRQVJDXVVLHQQHVFHTXLDSHUPLVG¶LGHQWLILHUDXPRLQVVHSWSLFV&HV
GHUQLHUV SHUPHWWHQW GH GpGXLUH OHV DPSOLWXGHV PR\HQQHV GX FRXUDQW SRXU FKDFXQ GHV pWDWV
TX¶LOVUHSUpVHQWHQW
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Figure 4.4. +LVWRJUDPPHG¶DPSOLWXGHGXFRXUDQWGH O¶H[SpULHQFHUHSUpVHQWpHSDU OH WUDFp%
GH OD Figure 4.3 /D OLJQH FRQWLQXH HQ PDJHQWD LQGLTXH OH OLVVDJH GHV GLVWULEXWLRQV
JDXVVLHQQHVLQGLYLGXHOOHV/HVYDOHXUVPR\HQQHVGHVSLFVLGHQWLILpVVRQWOHVVXLYDQWHVSLF
pWDWFRPSOqWHPHQWIHUPpcS$SLFQLYHDX6S$SLFQLYHDX
S$HWS$SLFQLYHDXS$SLFQLYHDX
S$SLFS$HWSLFQLYHDXS$/HSLFHVWOpJqUHPHQW
DV\PpWULTXHHQUDLVRQGHODVRXVFRQGXFWDQFH6FRUUHVSRQGDQWjXQSLFFHQWUpHQ
S$ 3DU VRXFL GH FODUWp OHV SLFV  j  UHSUpVHQWDQWV OHV pYpQHPHQWV PRLQV IUpTXHQWV VRQW
LOOXVWUpVVXUXQHpFKHOOHDJUDQGLHGDQVOHFDUWRXFKHHWRQWpWpREWHQXVSDUOHOLVVDJHDXPR\HQ
GHTXDWUHIRQFWLRQVJDXVVLHQQHV
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/D SUpVHQFH GH FHWWH JDPPH G¶pWDWV GH FRQGXFWDQFH TXL YDULH G¶XQH PHPEUDQH j
O¶DXWUHH[LJHGRQFG¶DQDO\VHUSOXVLHXUVH[SpULHQFHV$LQVLORUVTXHGLIIpUHQWVSRWHQWLHOVRQWpWp
LPSRVpVjODPrPHPHPEUDQHOHVpWDWVGHFRQGXFWDQFHVFKDQJHQWG¶XQSRWHQWLHOjO¶DXWUH8Q
H[HPSOHSRXUGHVSRWHQWLHOVGHP9P9P9HWP9HVWPRQWUpVXUOHVWUDFpV
GHFRXUDQWSUpVHQWpVjODFigure 4.5HWFigure 4.6
/H WUDFp $ GH OD Figure 4.5 LOOXVWUH XQ HQUHJLVWUHPHQW GH FRXUDQW GH  VHFRQGHV
REWHQXj P93OXVLHXUVQLYHDX[GHFRQGXFWDQFHRQWpWpREVHUYpV$XGpEXWGX WUDFp OH
VDXWGHFRXUDQWHQWUHOHVQLYHDX[HWFRUUHVSRQGjXQHFRQGXFWDQFHGHS6GXUHPV
HWVHPEOHFRUUHVSRQGUHjXQpWDWGHVRXVFRQGXFWDQFHGXSRUHGHFRQGXFWDQFHpJDOHjS6
VDXWGHj&HGHUQLHUDDXVVLpWpREVHUYpVRXVODIRUPHG¶XQHRXYHUWXUHLQGpSHQGDQWHVXU
OHPrPHHQUHJLVWUHPHQWQRQLOOXVWUpVXUOHWUDFp$/HJUDQGVDXWGXFRXUDQWREVHUYpYHUVOH
PLOLHX GX WUDFp $ UpVXOWH GH OD VXSHUSRVLWLRQ GH VDXWV GH FRXUDQW FRUUHVSRQGDQW j GHX[
FRQGXFWDQFHVGHS6 VDXWGH jHWS6 VDXWGHj'HSOXVDXPRLQVGHX[
DXWUHV QLYHDX[ GH FRQGXFWDQFH LGHQWLTXHV G¶HQYLURQ  S6 VDXWV GH  j  HW  j  VRQW
SUpVHQWVGDQVODPHPEUDQH/¶DQDO\VHGpWDLOOpHGHFHWHQUHJLVWUHPHQWDLQGLTXpTXHFKDFXQGH
FHV SRUHV SRVVqGH XQ QLYHDX GH VRXVFRQGXFWDQFH FRUUHVSRQGDQW j HQYLURQ  S6 'HX[
RXYHUWXUHV LQGpSHQGDQWHV VDXWV HQWUH  j  GH GXUpH UHVSHFWLYHV GH  HW  PV HW
FRUUHVSRQGDQWj ODPrPHFRQGXFWDQFHGHS6VRQWREVHUYpHVjODILQGXWUDFp'HVSHWLWV
WUDQVLWLRQVGHFRQGXFWDQFHG¶HQYLURQODPRLWLpGHFHWWHGHUQLqUHRQWDXVVLpWpREVHUYpHVQRQ
LOOXVWUpHV VXU OH WUDFp 7RXW SRUWH j FURLUH TXH OHV pWDWV GH FRQGXFWDQFH HW FHX[ GH VRXV
FRQGXFWDQFH QH VRQW SDV LQGpSHQGDQWV HW TXH OHV JUDQGHV FRQGXFWDQFHV UpVXOWHQW GH
O¶RXYHUWXUHVLPXOWDQpHGHSOXVLHXUVSHWLWVSRUHVVLPLODLUHVGHFRQGXFWDQFHG¶HQYLURQS6

¬ ±  P9 GDQV OD PrPH PHPEUDQH G¶DXWUHV QLYHDX[ GH FRQGXFWDQFH RQW pWp
REVHUYpVVXUXQHSRUWLRQGHO¶HQUHJLVWUHPHQWGHVHFRQGHVPRQWUpHGDQVOHWUDFp%Figure 
4.5$XPRLQVTXDWUHQLYHDX[GLVWLQFWVGHFRXUDQWVVRQWREVHUYpV WRXWDXGpEXWGX WUDFp%
TXLUpVXOWHQWGHODVXSHUSRVLWLRQGHVDXWVGHFRXUDQWFRUUHVSRQGDQWjGHVFRQGXFWDQFHVGH
S6VDXWVGHjHWjHWGHS6VDXWVGHjHWj/DFRQGXFWDQFHGHS6D
pWp REVHUYpH SOXVLHXUV IRLV WHO TX¶LOOXVWUp VXU O¶DJUDQGLVVHPHQW DFFRPSDJQDQW OH WUDFp %
/¶DJUDQGLVVHPHQWPRQWUHXQHSRUWLRQGHVGXWUDFp%jXQHpFKHOOH WHPSRUHOOHpWHQGXHHW
GDQV ODTXHOOH OH VDXW GH FRXUDQW FRUUHVSRQGDQW j OD FRQGXFWDQFH GH  S6 HVW REVHUYp
SOXVLHXUV IRLV ¬ OD ILQ GX WUDFp % XQH IHUPHWXUH TXL GXUH  PV HW FRUUHVSRQG j XQH
FRQGXFWDQFHGHS6VDXWGHjDpWpREVHUYpH/DSOXVSHWLWHWUDQVLWLRQTXLDSXrWUH
LGHQWLILpHGDQVFHWWHH[SpULHQFHSRVVpGDLWXQHFRQGXFWDQFHG¶HQYLURQS6VDXWVGHj
&HWWH GHUQLqUH j pWp REVHUYpH HQ WDQW TXH QLYHDX GH FRQGXFWDQFH LQGpSHQGDQW VXSHUSRVp DX
QLYHDXSULQFLSDOGHFRQGXFWDQFHQLYHDXPDLVDXVVLHQWDQWTX¶XQpWDWGHVRXVFRQGXFWDQFH
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Figure 4.5. 7UDFpV GHV FRXUDQWV XQLWDLUHV j WUDYHUV OHV SRUHV IRUPpV SDU OD &U\%D SRXU
GLIIpUHQWVSRWHQWLHOV LPSRVpVj ODPrPHELFRXFKHHQFRQGLWLRQVV\PpWULTXHVGHP0GH
.&OjS+A.P9/HVFRQGXFWDQFHVFRUUHVSRQGDQWHVVRQWS6VDXWVGHjHW
jS6VDXWGHjS6VDXWVGHjHWS6VDXWVGHjB.P9
/HVFRQGXFWDQFHVFRUUHVSRQGDQWHVVRQWS6VDXWVGHjHWjS6VDXWVGHj
HWjS6VDXWVGHjHWS6VDXWVGHj

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
¬XQSRWHQWLHOSRVLWLIGHP9WUDFp&Figure 4.6LPSRVpjODPrPHELFRXFKHTXH
FHOOHGDQVOHVWUDFpV$HW%GHODFigure 4.5O¶HQUHJLVWUHPHQWGHFRXUDQWVHFDUDFWpULVHSDUXQ
VDXWIUpTXHQWDXQLYHDXSULQFLSDOFRUUHVSRQGDQWjXQHFRQGXFWDQFHGHS6DLQVLTXHGHV
RXYHUWXUHV UDSLGHV UpVXOWDQW HVVHQWLHOOHPHQW GH OD VXSHUSRVLWLRQ GH SOXVLHXUV QLYHDX[ GH
GLIIpUHQWHVFRQGXFWDQFHV/HQLYHDXSULQFLSDOFRUUHVSRQGjXQHFRQGXFWDQFHGHS6/HV
SOXVSHWLWVVDXWVGHFRXUDQWLGHQWLILDEOHVFRUUHVSRQGHQWjXQHFRQGXFWDQFHGHS6VDXWVGH
jORUVTXHOHVVDXWVGHjFRUUHVSRQGHQWjHQYLURQS6VRLWOHGRXEOHGHS6/HV
VDXWVGHFRXUDQWHQWUHOHVQLYHDX[HWREVHUYpVDXGpEXWGXWUDFp&FRUUHVSRQGHQWjHQYLURQ
S6DORUVTXHODJUDQGHRXYHUWXUHREVHUYpHYHUVODILQGXWUDFp&VDXWGHjUpVXOWHGH
OD VXSHUSRVLWLRQ GH GHX[ VDXWV GH FRXUDQW FRUUHVSRQGDQW j XQH FRQGXFWDQFH GH  S6
3OXVLHXUV WUDQVLWLRQV LQWHUPpGLDLUHV HQWUH FHV GHX[ QLYHDX[ GH FRXUDQW DLQVL TXH G¶DXWUHV
QLYHDX[SOXVpOHYpVWHOVTXHOHVQLYHDX[HWRQWpWpREVHUYpHV
(QUHYDQFKHjXQSRWHQWLHOQpJDWLIGHODPrPHDPSOLWXGHGHP9WUDFp'Figure 
4.6 LPSRVpjODPrPHELFRXFKHTX¶HQ&Figure 4.6XQVHXOQLYHDXSULQFLSDOGHFRXUDQW
FRUUHVSRQGDQWjXQHFRQGXFWDQFHSULQFLSDOHGHS6VDXWGHcjDpWpREVHUYpGXUDQWXQ
HQUHJLVWUHPHQWGHGXUpHWRWDOHGHVHFRQGHV/HSRUHVHIHUPHSHQGDQWVHXOHPHQWHQYLURQ
VHFRQGHVjXQQLYHDXGHVRXVFRQGXFWDQFHSDUXQVDXWGHFRXUDQWYHUVOHKDXWFRUUHVSRQGDQWj
S6
&HSHQGDQWGHVVDXWVGHFRXUDQWLRQLTXHVFRUUHVSRQGDQWjGHVFRQGXFWDQFHVVLPLODLUHV
RQWSXrWUHLGHQWLILpVSRXUGLIIpUHQWVSRWHQWLHOVLPSRVpVjODPrPHELFRXFKH8QH[HPSOHHVW
SUpVHQWpDX[Figure 4.7HWFigure 4.8/HVWUDFpVGHFRXUDQWGXUHQWFKDFXQVHFRQGHVHWRQW
pWpH[WUDLWVGHVHQUHJLVWUHPHQWVG¶HQYLURQPLQXWH

Figure 4.6. 7UDFpV GHV FRXUDQWV XQLWDLUHV j WUDYHUV OHV SRUHV IRUPpV SDU OD &U\%D SRXU
GLIIpUHQWVSRWHQWLHOVLPSRVpVjODPrPHELFRXFKHTX¶HQFigure 4.5HQFRQGLWLRQVV\PpWULTXHV
GHP0GH.&OjS+C.P9/HVFRQGXFWDQFHVFRUUHVSRQGDQWHVVRQWS6
VDXWVGHcjS6VDXWVGHjS6VDXWVGHjS6VDXWVGHjHW
S6VDXWVGHjD.P9/HVFRQGXFWDQFHVFRUUHVSRQGDQWHVVRQWS6QLYHDX
HWS6VDXWGHj
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Figure 4.7. 7UDFpV GHV FRXUDQWV LRQLTXHV j WUDYHUV OHV SRUHV IRUPpV SDU OD &U\%D SRXU
GLIIpUHQWVSRWHQWLHOVLPSRVpVjODPrPHELFRXFKHHQFRQGLWLRQVV\PpWULTXHVGHP0GH
.&OjS+/DEDUUHG¶pFKHOOHHVWODPrPHSRXUWRXVOHVWUDFpV
c
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pH 6.0 
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Figure 4.8. 5HODWLRQ FRXUDQWSRWHQWLHO ,9 SRXU OHV VDXWV GH FRXUDQW FRUUHVSRQGDQW j OD
FRQGXFWDQFHSULQFLSDOHTXHO¶RQREVHUYHVXUOHVWUDFpVSUpVHQWpVjODFigure 4.7SRXUWRXVOHV
SRWHQWLHOVDSSOLTXpVVXU ODPrPHELFRXFKHHQFRQGLWLRQVV\PpWULTXHVGHP0GH.&Oj
S+/HVSRLQWVUHSUpVHQWHQWO¶DPSOLWXGHGHVVDXWVGHFRXUDQWPHVXUpVH[SpULPHQWDOHPHQW
VXUFHVWUDFpV/DSHQWHGHODGURLWHGHUpJUHVVLRQOLQpDLUHWUDFpHVXUOHVSRLQWVH[SpULPHQWDX[
FRUUHVSRQGjODYDOHXUGHODFRQGXFWDQFHLQGLTXpHVXUOHJUDSKLTXH

4.3.2 Relations courant-potentiel (I-V) 

/¶DFWLYLWpGHVSRUHVpWDLWYDULDEOHG¶XQHH[SpULHQFHjO¶DXWUH&HSHQGDQWGHVVDXWVGH
FRXUDQW XQLTXHV RQW pWp LGHQWLILpV SDU O¶DQDO\VH GH  H[SpULHQFHV VXU XQ WRWDO GH  GDQV
OHVTXHOOHVO¶LQFRUSRUDWLRQGHODWR[LQHGDQVODELFRXFKHDpWpREWHQXH&HODDSHUPLVGHWUDFHU
OHVUHODWLRQVFRXUDQWSRWHQWLHO,9SUpVHQWpVjODFigure 4.9(QFRQGLWLRQVGHS+DFLGHGH

OD&U\%DIRUPHGHVSRUHVjFRQGXFWDQFHVPXOWLSOHVYDULDQWGHS6jS6
&HSHQGDQWGHVVDXWVGHFRXUDQWFRUUHVSRQGDQWjGHVFRQGXFWDQFHVSOXVSHWLWHVYDULDQWGHj
 S6 RQW DXVVL pWp REVHUYpV SOXV IUpTXHPPHQW SRXU GHV YDOHXUV GH SRWHQWLHO DSSOLTXp
VXSpULHXUHVjP9
3OXVLHXUV DXWUHV QLYHDX[ GH FRQGXFWDQFH UHSUpVHQWDQW GHV PXOWLSOHV GH FHV SHWLWHV
FRQGXFWDQFHV RQW DXVVL pWp REVHUYpV SRXU WRXWH OD JDPPH GHV SRWHQWLHOV LPSRVpV DX[
ELFRXFKHV PDLV SDV GDQV WRXWHV OHV H[SpULHQFHV $LQVL VXU XQH PHPEUDQH VRXPLVH j XQ
SRWHQWLHOGHP9QRQSUpVHQWpHGHVVDXWVGHFRXUDQWFRUUHVSRQGDQWjGHVFRQGXFWDQFHV
GH   HW  S6 RQW pWp REVHUYpV /HV SOXV SHWLWV RQW pWp REVHUYpV HQ WDQW TXH VDXWV
LQGpSHQGDQWV VH VXSHUSRVDQW j FHX[ FRUUHVSRQGDQW j OD FRQGXFWDQFH GH  S6 /HV SOXV
JUDQGVSRXUUDLHQWGRQFFRUUHVSRQGUHjO¶RXYHUWXUHVLPXOWDQpHGHVGHX[SRUHVGHFRQGXFWDQFHV
LQIpULHXUHV(Q UHYDQFKH VXUXQHDXWUHPHPEUDQHVRXPLVHDXPrPHSRWHQWLHOGHP9
VHXOXQQLYHDXGHFRXUDQWFRUUHVSRQGDQWjXQHFRQGXFWDQFHGHS6DpWpREVHUYp/RUVTX¶XQ
SRWHQWLHO GH P9D pWp LPSRVpjXQH DXWUHPHPEUDQH OHVSRUHV VRQW UHVWpVRXYHUWV jXQ
QLYHDX SULQFLSDO FRUUHVSRQGDQW j XQH FRQGXFWDQFH GH  S6 ORUVTXH GHV WUDQVLWLRQV GH FH
QLYHDX j GHV QLYHDX[ LQIpULHXUV VH IRQW SDU GHV IHUPHWXUHV GLVFUqWHV FRUUHVSRQGDQW j GHV
FRQGXFWDQFHVGHHWS6

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Figure 4.9. 5HODWLRQV FRXUDQWSRWHQWLHO ,9 GHV SRUHV IRUPpV SDU OD &U\%D HQ VROXWLRQV
V\PpWULTXHVGHP0GH.&OjS+/HVSRLQWV UHSUpVHQWHQW O¶DPSOLWXGHPR\HQQHGX
FRXUDQW REWHQXH SRXU DX PRLQV XQ SRWHQWLHO LPSRVp GDQV OHV GLIIpUHQWHV H[SpULHQFHV /HV
EDUUHV G¶HUUHXU VRQW SOXV SHWLWHV TXH OD WDLOOH GH V\PEROHV UHSUpVHQWDQW OHV SRLQWV
H[SpULPHQWDX[
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
'HV JUDQGV VDXWVGH FRXUDQW FRUUHVSRQGDQW jGHV FRQGXFWDQFHVSDUIRLV VXSpULHXUHV j
 S6  H[SpULHQFHV VXU  RQW DXVVL pWp REVHUYpV HVVHQWLHOOHPHQW SRXU GHV SRWHQWLHOV
VXSpULHXUVjP91pDQPRLQVFHVJUDQGVVDXWVQ¶RQWpWpREVHUYpVTX¶jXQVHXOSRWHQWLHO
GDQVXQHELFRXFKHSDUH[HPSOHjP9HWQRQjP9RXOHFRQWUDLUH/¶DSSDULWLRQGHV
VDXWVGHFRXUDQWFRUUHVSRQGDQWjGHVSHWLWHVFRQGXFWDQFHV HW OHXUVPXOWLSOHV VHPEOHrWUHXQ
pYpQHPHQWYDULDEOHG¶XQHH[SpULHQFHjO¶DXWUHFigure 4.3Figure 4.5HWFigure 4.6
/HV FRQGXFWDQFHV FRUUHVSRQGDQW DX[ VDXWV GH FRXUDQW OHV SOXV IUpTXHQWV VRQW
SUpVHQWpHVGDQVOHWDEOHDXVXLYDQW
Tableau 4.1./HVFRQGXFWDQFHVFRUUHVSRQGDQWDX[VDXWVGHFRXUDQWOHVSOXVVRXYHQWREVHUYpV
H[SpULPHQWDOHPHQWSRXU OHVSRUHVIRUPpVSDU OD&U\%DHQFRQGLWLRQVGHVROXWLRQVLRQLTXHV
V\PpWULTXHVGHP0.&OjS+/HQRPEUHG¶H[SpULHQFHVGDQVOHVTXHOOHVGHVVDXWVGH
FRXUDQW FRUUHVSRQGDQW j XQH FRQGXFWDQFH RQW pWp REVHUYpV SRXU DX PRLQV GHX[ SRWHQWLHOV
GLIIpUHQWVLPSRVpVjODPrPHELFRXFKHHVWLQGLTXpSDUODOHWWUH1&HVUpVXOWDWVSURYLHQQHQWGH
H[SpULHQFHVDQDO\VDEOHVVXUXQWRWDOGHH[SpULHQFHVHIIHFWXpHVGDQVFHVFRQGLWLRQV
&RQGXFWDQFH(60S6      
1      
&RQGXFWDQFH(60S6      
1      
1QRPEUHG¶H[SpULHQFHV(60HUUHXUVWDQGDUGGHODPR\HQQH

(QUpVXPpRQFRQVWDWHTX¶LOHVWSRVVLEOHTXHOHVVDXWVGHFRXUDQWFRUUHVSRQGDQWjGHV
JUDQGHV FRQGXFWDQFHV UpVXOWHQW GH O¶DFWLYLWp G¶ROLJRPqUHV IRUPpV G¶XQ QRPEUH GLIIpUHQW GH

SHWLWVSRUHVXQLIRUPHVGHFRQGXFWDQFHpJDOHjS6RXG¶DJJORPpUDWVGHFHVSHWLWVSRUHVHQ
QRPEUHGLIIpUHQWTXLV¶RXYUHQWHWVHIHUPHQWGHPDQLqUHFRRSpUDWLYH

4.3.3 Cinétique
4.3.3.1 Comportement cinétique
/DG\QDPLTXHWHPSRUHOOHGHVSRUHVIRUPpVSDU&U\%DpWDLWYDULDEOHG¶XQHH[SpULHQFH
jO¶DXWUHPDLVIUpTXHPPHQWWURLVW\SHVGHFRPSRUWHPHQWVFDUDFWpULVWLTXHVRQWpWpREVHUYpV
'¶XQ SDUW OHV HQUHJLVWUHPHQWV VH FDUDFWpULVHQW SDU GHV SpULRGHV G¶RXYHUWXUH
UHODWLYHPHQW ORQJXHV j XQ FHUWDLQ QLYHDX SULQFLSDO GH FRQGXFWDQFH DYHF GHV RXYHUWXUHV RX
IHUPHWXUHVDX[GLIIpUHQWHVQLYHDX[GHFRQGXFWDQFHWHOVTX¶LOOXVWUpHVVXUOHWUDFp$GHODILJXUH
SUpFpGHQWHFigure 4.3RX WRXWGHPrPHVXU OHV WUDFpV$HW%GH OD ILJXUH VXLYDQWH Figure 
4.10 HQUHJLVWUpV VXU OD PrPH ELFRXFKH PDLV SRXU GHV SRWHQWLHOV DSSOLTXpV GLIIpUHQWV 3DU
H[HPSOHVXU OH WUDFp$Figure 4.10G¶XQHGXUpHGHV OHQLYHDXSULQFLSDOFRUUHVSRQGj
XQHFRQGXFWDQFHGHS6ORUVTXHOHVDXWGHFRXUDQWYHUVOHKDXWFRUUHVSRQGjXQHIHUPHWXUH
G¶HQYLURQVHWXQHFRQGXFWDQFHGHS66XUOHWUDFp%Figure 4.10OHVDXWGHFRXUDQW
YHUVOHEDVFRUUHVSRQGjXQHIHUPHWXUHG¶HQYLURQVHWjXQHFRQGXFWDQFHGHS6
'¶DXWUH SDUW VXU OH WUDFp & Figure 4.10 REWHQX SRXU OH PrPH SRWHQWLHO TX¶HQ %
Figure 4.10PDLVVXUXQHPHPEUDQHGLIIpUHQWHGHQRPEUHXVHVRXYHUWXUHVHWIHUPHWXUHVWUqV
UDSLGHVRQWpWpREVHUYpHVWRXWDXORQJGHO¶HQUHJLVWUHPHQW
/HGHUQLHU W\SHGHFRPSRUWHPHQWHVW FDUDFWpULVpSDUGHVHQUHJLVWUHPHQWV FRPSRUWDQW
GHVRXYHUWXUHVRXIHUPHWXUHVHQIRUPHGH©ERXIIpHVªGHWUDQVLWLRQVUDSLGHVRX©flickering

ªVXLYLHSDUGHVSpULRGHVROHVDFWLYLWpVG¶RXYHUWXUHVRXIHUPHWXUHVVRQWSHXIUpTXHQWHV'HV
WUDFpV UHSUpVHQWDWLIV VRQW LOOXVWUpV j OD Figure 4.11 $X GpEXW GX WUDFp $ RQ REVHUYH XQ
pSLVRGH GH ERXIIpH G¶DFWLYLWp UpVXOWDQW GH GLIIpUHQWHV RXYHUWXUHV FRUUHVSRQGDQW j GHV
FRQGXFWDQFHVGHHWS6TXL VHPEOHQWFRUUHVSRQGUHj O¶RXYHUWXUH VLPXOWDQpHGH
GHX[RXSOXVLHXUVSRUHVGHFRQGXFWDQFHXQLWDLUHGHS6WUDFp&Figure 4.11&HW\SHGH
FRPSRUWHPHQWDpWpSULQFLSDOHPHQWREVHUYpSRXUGHVYDOHXUVpOHYpHVGXSRWHQWLHO LPSRVp
P9PDLVSDVH[FOXVLYHPHQW
'¶DXWUHV FDUDFWpULVWLTXHV WLUpHV GH O¶HQVHPEOH GHV H[SpULHQFHV FRPSUHQQHQW OD
FLQpWLTXHSDUIRLVSOXVFRPSOH[HGHVSRUHVDLQVLTXHO¶REVHUYDWLRQUDUHGHO¶pWDWFRPSOqWHPHQW
IHUPpcGHWRXVOHVSRUHV

Figure 4.10. 7UDFpV GHV FRXUDQWV XQLWDLUHV j WUDYHUV OHV SRUHV IRUPpV SDU OD &U\%D SRXU
GLIIpUHQWVSRWHQWLHOVLPSRVpVjODPrPHELFRXFKHHWSRXUOHPrPHSRWHQWLHOLPSRVpVXUGHX[
ELFRXFKHVGLIIpUHQWHVHQFRQGLWLRQVV\PpWULTXHVGHP0GH.&OjS+A.HWB. 7UDFpV
GH V HQUHJLVWUpV jSRWHQWLHOVGLIIpUHQWVPDLV VXU ODPrPHELFRXFKH LOOXVWUDQW OD FLQpWLTXH
OHQWHGHVSRUHVGH&U\%DC.7UDFpGHVHQUHJLVWUpDXPrPHSRWHQWLHOTX¶HQBPDLVVXUXQH
ELFRXFKHGLIIpUHQWHHWLOOXVWUDQWODFLQpWLTXHUDSLGHGHVSRUHV

c
1 s
10 pA
A. -60 mV

c
1 s
10 pA
B. +20 mV
C. +20 mV
c

1 s
10 pA

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Figure 4.11. 7UDFpVGHVFRXUDQWV XQLWDLUHVj WUDYHUV OHVSRUHV IRUPpVSDU OD&U\%Dj
P9 HQ FRQGLWLRQV V\PpWULTXHV GH  P0 GH .&O j S+  /HV WURLV WUDFpV VRQW GH 
VHFRQGHV FKDFXQHWSURYLHQQHQWG¶XQVHXO HQUHJLVWUHPHQWGH FRXUDQWG¶HQYLURQPLQXWHV
/DEDUUHG¶pFKHOOHHVWODPrPHSRXUOHVWURLVWUDFpVA.7UDFpLOOXVWUDQWXQHERXIIpHG¶DFWLYLWp
GHVSRUHVVXLYLHSDUXQHFLQpWLTXHOHQWHB. HW C. 7UDFpVLOOXVWUDQWODFLQpWLTXHWUqVOHQWHGHOD
WR[LQH
A. +60 mV
c

C. +60 mV

c

c
B. +60 mV
1 s
10 pA

4.3.3.2 Analyse cinétique
/HV HQUHJLVWUHPHQWV REWHQXV GDQV GHV H[SpULHQFHV HQ %/3 VH FDUDFWpULVHQW
JpQpUDOHPHQWSDUODSUpVHQFHGHVDXWVGHFRXUDQWPXOWLSOHVGRQWOHFRPSRUWHPHQWFLQpWLTXHD
pWp VRXYHQW FRPSOH[H&HSHQGDQW DILQ GH FDUDFWpULVHU OHV SRUHV GX SRLQW GH YXH GHV WHPSV
G¶RXYHUWXUH HW GH IHUPHWXUHPR\HQV O¶DQDO\VH FLQpWLTXH D pWp HIIHFWXpH VXU XQH SDUWLH G¶XQ
HQUHJLVWUHPHQW GH FRXUDQW R SOXVLHXUV VDXWV GH FRXUDQW FRUUHVSRQGDQW j XQH VHXOH
FRQGXFWDQFH GH  S6 RQW pWp REVHUYpV GHX[LqPH PRLWLp GX WUDFp & Figure 4.10 /HV
KLVWRJUDPPHV GHV WHPSV G¶RXYHUWXUH HW GH IHUPHWXUH VRQW SUpVHQWpV j OD Figure 4.12
/¶KLVWRJUDPPHGHV WHPSVG¶RXYHUWXUH DpWp DMXVWpSDUXQHVHXOHH[SRQHQWLHOOHGpFURLVVDQWH
/HWHPSVRXYHUWPR\HQHVWGHĲR PV/¶KLVWRJUDPPHGHVWHPSVGHIHUPHWXUHSRXUOHV
VDXWVGHFRXUDQWFRUUHVSRQGDQWj ODPrPHFRQGXFWDQFHGHS6DDXVVLpWpDMXVWpSDUXQH
VHXOHH[SRQHQWLHOOHGpFURLVVDQWH/HWHPSVIHUPpPR\HQHVWĲI PV/HVIHUPHWXUHVGX
SRUH VRQWGRQF HQYLURQ IRLVSOXV FRXUWHVTXH OHVRXYHUWXUHV/HSRUH UHVWH DORUVRXYHUW OD
SOXSDUWGXWHPSVFHTXLVHUHIOqWHDXVVLSDUVDSUREDELOLWppOHYpHG¶RXYHUWXUHSRGH
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Figure 4.12. +LVWRJUDPPHV GHV WHPSV GH VpMRXUV GHV VDXWV GH FRXUDQW FRUUHVSRQGDQW j OD
FRQGXFWDQFHGHS6REVHUYpHHQFRQGLWLRQVV\PpWULTXHVGHP0GH.&OjS+HWj
XQ SRWHQWLHO GH P9 GDQV OH WUDFp & GH ODFigure 4.10A. /¶KLVWRJUDPPH GHV WHPSV
G¶RXYHUWXUH D pWp DMXVWp SDU XQH VHXOH IRQFWLRQ H[SRQHQWLHOOH GpFURLVVDQWH OLJQH FRQWLQXH
PDXYHDYHFWHPSVG¶RXYHUWXUHPR\HQĲR PV/DSUREDELOLWpG¶RXYHUWXUHGXSRUHHVW
GH  B. /¶KLVWRJUDPPH GHV WHPSV GH IHUPHWXUH D pWp DMXVWp SDU XQH VHXOH IRQFWLRQ
H[SRQHQWLHOOHGpFURLVVDQWHOLJQHFRQWLQXHYHUWH/HWHPSVGHIHUPHWXUHPR\HQHVWĲI 
PV8QVHXLOGHGpWHFWLRQGHPVDpWpXWLOLVpSRXU OHVGHX[KLVWRJUDPPHVHW OD ODUJHXUGH
EDUUHVHVWGHPV
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Ĳf = 11 ± 9 ms

4.3.4 Dépendance au potentiel
/DSUREDELOLWpG¶RXYHUWXUHGHVSRUHVSHXWYDULHUHQIRQFWLRQGXSRWHQWLHO LPSRVpjOD
ELFRXFKH3RXUOHVSRUHVGH&U\%DLODpWpREVHUYpTXHGDQVFHUWDLQHVH[SpULHQFHVOHVSRUHV
VRQWUHODWLYHPHQWSOXVDFWLIVSRXUGHVSRWHQWLHOVLPSRVpVSOXVSRVLWLIV8QH[HPSOHHVWLOOXVWUp
VXUOHVWUDFpV$P9HW%P9GHODFigure 4.13TXLRQWpWpREWHQXVjSDUWLUGHOD
PrPHELFRXFKH3OXVGHSRUHVVRQWRXYHUWVVXUOHWUDFp%
(QUHYDQFKHOHSKpQRPqQHFRQWUDLUHDpWpREVHUYpVXUOHVWUDFpV&P9HW'
P9GHODFigure 4.68QWHOFRPSRUWHPHQWYDULDEOHDpWpREVHUYpSRXUWRXWHODJDPPHGHV
SRWHQWLHOVLPSRVpV,OVHSHXWTXHFHODSXLVVHrWUHDWWULEXpjO¶RXYHUWXUHSXUHPHQWVWRFKDVWLTXH
G¶XQ FHUWDLQ QRPEUH GH SRUHV j XQ FHUWDLQPRPHQW GRQQp SHQGDQW O¶HQUHJLVWUHPHQW SOXW{W
TX¶jODGpSHQGDQFHDXSRWHQWLHOGHOHXURXYHUWXUHORUVTXHSOXVLHXUVSRUHVVRQWLQVpUpVGDQVOD
ELFRXFKH '¶DXWUHV IDFWHXUV WHOV TXH O¶LQVHUWLRQ SURJUHVVLYH GHV WR[LQHV GDQV OD PHPEUDQH
SRXUUDLHQWrWUHHQFDXVH
/RUVTXH SOXVLHXUV SRUHV GH FLQpWLTXH FRPSOH[H VRQW SUpVHQWV GDQV OD PHPEUDQH
O¶pYDOXDWLRQGH ODGpSHQGDQFHGH OHXURXYHUWXUHDXSRWHQWLHO LPSRVpj ODPHPEUDQHGHYLHQW
PRLQVSUpFLVH

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Figure 4.13. 7UDFpVGHFRXUDQWHQUHJLVWUpVHQFRQGLWLRQVV\PpWULTXHVGHP0GH.&Oj
S+  LOOXVWUDQW OD YDULDWLRQ GH OD SUREDELOLWp G¶RXYHUWXUH GHV SRUHV GH &U\%D VHORQ OHV
SRWHQWLHOV DSSOLTXpV j ODPrPHELFRXFKHA.7UDFp HQUHJLVWUp j P9 LOOXVWUDQW O¶DFWLYLWp
PRLQV IUpTXHQWH GHV SRUHV GH &U\%DB. 7UDFp HQUHJLVWUp j P9 DSSOLTXp j ODPrPH
ELFRXFKHTX¶HQALOOXVWUDQWO¶RXYHUWXUHSOXVIUpTXHQWHGHVSRUHVGH&U\%D
c 
5 s
10 pA
A. -60 mV
B. +60 mV
c
5 s
10 pA


4.3.5 Sélectivité ionique
/D VpOHFWLYLWp LRQLTXHGHVSRUHVGH&U\%DjS+DFLGH D pWpGpWHUPLQpHSDUGHV
H[SpULHQFHV HIIHFWXpHV HQ FRQGLWLRQV GH VROXWLRQV DV\PpWULTXHV GH .&O GH  P0
cistrans(QIDLVDQWYDULHUOHSRWHQWLHOLPSRVpjODELFRXFKHSOXVLHXUVVDXWVGHFRXUDQWRQW
pWp REVHUYpV j FKDTXH SRWHQWLHO FRPPH LOOXVWUp GDQV OHV WUDFpV GH FRXUDQWV SUpVHQWpV j OD
Figure 4.14/DSUpVHQFHGHVVDXWVGHFRXUDQWFRUUHVSRQGDQWjGHVFRQGXFWDQFHVPXOWLSOHVIDLW
HQ VRUWH TX¶LO HVW LPSRVVLEOH GH UHOLHU DYHF SUpFLVLRQ HW VDQV DPELJLWp OHV SRLQWV
H[SpULPHQWDX[ UHSUpVHQWDQW OHV QLYHDX[ GH PrPH FRQGXFWDQFH 'DQV FH FDV XQH YDOHXU
XQLTXHGHSRWHQWLHOG¶LQYHUVLRQQHSHXWSDVrWUHGpWHUPLQpHSUpFLVpPHQWPDLVLOHVWSRVVLEOHGH
WURXYHU XQH UpJLRQ GDQV ODTXHOOH LO VH VLWXH 3RXU OHV FRQGLWLRQV DV\PpWULTXHV FLGHVVXV
O¶DQDO\VHGH H[SpULHQFHV DSHUPLVG¶pWDEOLU XQH UpJLRQHQWUH  jP9GDQV ODTXHOOH VH
WURXYHQW OHVSRWHQWLHOVG¶LQYHUVLRQ LQGLTXpHSDU OHGRXEOHIOqFKH HQ FRXOHXU DPEUHFigure 
4.156XUFHWWHILJXUHOHVSRLQWVH[SpULPHQWDX[GHPrPHFRXOHXUUHSUpVHQWHQWOHVYDOHXUVGHV
FRXUDQWV XQLWDLUHV REWHQXHV SRXU OD PrPH ELFRXFKH /H SRWHQWLHO G¶LQYHUVLRQ VH UDSSURFKH
GRQF GX SRWHQWLHO GH1HUQVW SRXU OH SRWDVVLXP TXL HVW GH P9 VHFWLRQ  /HV
SRUHVGH&U\%DVRQWDLQVLSOXVVpOHFWLIVDXSRWDVVLXPTX¶DXFKORUHTXLGLIIXVHDXVVLjWUDYHUV
OHV SRUHV /HV SRUHV GH &U\%D RQW GRQF XQH VpOHFWLYLWp FDWLRQLTXH LPSDUIDLWH 3RXU OHV
YDOHXUV (LQY HQWUH  HW  P9 OHV UDSSRUWV GH SHUPpDELOLWpV 3.3&O YDULHQW GH  j 
pTXDWLRQ  VHFWLRQ  &HV WDX[ IDLEOHV GH SHUPpDELOLWp UHQIRUFHQW OH IDLW TXH
O¶HQVHPEOH GHV SRUHV &U\%D QH VRQW SDV H[FOXVLYHPHQW SHUPpDEOHV DX[ FDWLRQV . PDLV
ODLVVHQWDXVVLSDVVHUOHVLRQV&O
























Figure 4.14. 7UDFpV GH FRXUDQWV LRQLTXHV j WUDYHUV OHV SRUHV IRUPpV SDU OD &U\%D SRXU
GLIIpUHQWV SRWHQWLHOV LPSRVpV VXU ODPrPH ELFRXFKH HQ FRQGLWLRQV DV\PpWULTXHV GH »
P0GH.&OjS+/DEDUUHG¶pFKHOOHHVWODPrPHSRXUWRXVOHVWUDFpV
1 s
20 pA
+60 mV
c
c -60 mV
c -40 mV
c
+20 mV
+40 mV
c
c
0 mV
c -20 mV
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Figure 4.15. 3RWHQWLHOV G¶LQYHUVLRQ GHV SRUHV IRUPpV SDU OD &U\%D HQ FRQGLWLRQV
DV\PpWULTXHVGH.&OGHP0cistrans jS+/HVSRLQWVG¶XQHPrPHFRXOHXU
SURYLHQQHQWGHODPrPHPHPEUDQH/HVSRWHQWLHOVG¶LQYHUVLRQ(LQYVHVLWXHQWGDQVODUpJLRQ
LQGLTXpH SDU OD GRXEOHIOqFKH HQ FRXOHXU DPEUH HW V¶pWDOHQW HQWUH  j  P9 (. HW (&O
LQGLTXHQWOHVSRWHQWLHOVG¶pTXLOLEUHGH1HUQVWSRXU.HW&O
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4.4 Propriétés électrophysiologiques des pores à pH 9.0 

/HVH[SpULHQFHVIDLWHVHQFRQGLWLRQVV\PpWULTXHVGH.&OGHP0cistransj
S+ DOFDOLQ GH  RQW PRQWUp TXH OD &U\%D HVW DXVVL DSWH j V¶LQVpUHU GDQV OHV %/3 VDQV
UpFHSWHXUV HW \ IRUPHU GHV SRUHV GDQV FHV FRQGLWLRQV ,O D pWp REVHUYp TX¶HQ UpSRQVH j
O¶DSSOLFDWLRQG¶XQHVpULHGHSRWHQWLHOVYDULDQWGHP9jP9OHVSRUHVIRUPpVPRQWUHQW
SOXVLHXUVpWDWVGHFRQGXFWDQFHHWGHVRXVFRQGXFWDQFH

4.4.1 Conductances 
/¶DQDO\VHGHH[SpULHQFHVGDQVOHVTXHOOHVO¶DFWLYLWpGHVSRUHVpWDLWSOXVIDFLOHHWSOXV
ILDEOH j DQDO\VHU VXU XQ WRWDO GH  H[SpULHQFHV R O¶LQFRUSRUDWLRQ GH OD WR[LQH GDQV OD
ELFRXFKH D pWp REWHQXH D LQGLTXp TXH OHV FRQGXFWDQFHV GHV SRUHV GH&U\%D YDULHQW QRQ
VHXOHPHQWG¶XQHH[SpULHQFHjO¶DXWUHPDLVDXVVLGDQVODPrPHELFRXFKH&HWWHYDULDWLRQDpWp
FRQVWDWpH GDQV OHV YDOHXUV GHV FRQGXFWDQFHV HW OHXUV IUpTXHQFHV DLQVL TXH GDQV OH
FRPSRUWHPHQW FLQpWLTXH GHV SRUHV DX[TXHOV FHV FRQGXFWDQFHV VRQW DVVRFLpHV 'HV FRXUDQWV
UHSUpVHQWDWLIVREWHQXVVXUWURLVELFRXFKHVGLIIpUHQWHVVRQWSUpVHQWpVjODFigure 4.16HWFigure 
4.17 /H WUDFp $ GH OD Figure 4.16 LOOXVWUH XQ HQUHJLVWUHPHQW GH FRXUDQW GH  VHFRQGHV
REWHQXVXUXQHPHPEUDQHTXLDpWp VRXPLVHjXQSRWHQWLHOGH P9/HVDXWGHFRXUDQW
FRUUHVSRQGDQW jXQH FRQGXFWDQFHPD[LPDOHGHS6 VDXWGH jTXL D pWpREVHUYp DX
GpEXWGHFHWUDFpSRVVqGHXQQLYHDXGHFRQGXFWDQFHLQIpULHXUG¶HQYLURQS6VDXWGHj
 ,O SDVVH SDU FH VRXVpWDW SOXVLHXUV IRLV FRQVWLWXDQW  GX WHPSV GH O¶HQUHJLVWUHPHQW

/¶KLVWRJUDPPHG¶DPSOLWXGHGXFRXUDQWGHO¶H[SpULHQFHUHSUpVHQWpHSDUOHWUDFp$HVWPRQWUpj
ODFigure 4.16B/DPXOWLWXGHGHVpWDWVGHFRQGXFWDQFHHVW LQGLTXpSDU ODSUpVHQFHGHFLQT
SLFV TXL RQW pWp REWHQXV SDU OH OLVVDJH GH O¶KLVWRJUDPPH j OD VRPPH GH FLQT IRQFWLRQV
JDXVVLHQQHV/HVFHQWUHVGHVSLFVVHVLWXHQWVXUOHVYDOHXUVVXLYDQWHVSLF S$
SLFS$SLFS$SLFS$HWSLF
S$/HVSLFVHWFRUUHVSRQGHQWDX[QLYHDX[GHFRQGXFWDQFHUHSUpVHQWpVSDUOHVQLYHDX[
UHVSHFWLIV VXU OH WUDFp $ Figure 4.16 /HV SLFV  HW  UHSUpVHQWHQW GHX[ QLYHDX[ GH
FRQGXFWDQFH LQIpULHXUHV QRQ UHSUpVHQWpV VXU OH WUDFp $ /HV VXUIDFHV UHODWLYHV VRXV OHV
FRXUEHV JDXVVLHQQHV Figure 4.16B SDU UDSSRUW j OD VXUIDFH WRWDOH GH O¶KLVWRJUDPPH
IRXUQLVVHQWXQHHVWLPDWLRQGH ODSUpSRQGpUDQFHGHFKDTXHpWDWGHFRQGXFWDQFH2QFRQVWDWH
TXH OHV SRUHV UHVWHQW RXYHUWV PDMRULWDLUHPHQW   GX WHPSV DX QLYHDX GH FRQGXFWDQFH
UHSUpVHQWpSDUOHSLFDORUVTXHOHVQLYHDX[GHFRQGXFWDQFHHWVRQWPRLQVIUpTXHQWV
HWUHVSHFWLYHPHQW
2QRXWUH OHVHQUHJLVWUHPHQWVRQWpWpVRXYHQWFDUDFWpULVpVSDUODSUpVHQFHGHQLYHDX[
GHIDLEOHVFRQGXFWDQFHV3DUH[HPSOHGDQVXQHPHPEUDQHVRXPLVHjXQSRWHQWLHOGHP9
WUDFp $ Figure 4.17 OHV SOXV SHWLWV VDXWV GH FRXUDQW LGHQWLILpV FRUUHVSRQGHQW j XQH
FRQGXFWDQFHGHS6VDXWVGHj'HVVDXWVGHFRXUDQWFRUUHVSRQGDQWjGHVFRQGXFWDQFHV
LQIpULHXUHVjFHOOHVFLRQWDXVVLpWpREVHUYpV¬XQSRWHQWLHOGHP9SDUH[HPSOHOHVVDXWV
GH FRXUDQW FRUUHVSRQGDQW j OD FRQGXFWDQFH GH  S6 RQW pWp REVHUYpV &HV SHWLWV VDXWV GH
FRXUDQWDSSDUDLVVHQWVRXYHQWHQWDQWTXHWUDQVLWLRQVYHUVGHVpWDWVGHFRQGXFWDQFHLQIpULHXUHV
WUDFpV$HW%GDQVFigure 4.17UHVSHFWLYHPHQWPDLVSDUIRLVRQOHVWURXYHDXVVLVXSHUSRVpVj
XQQLYHDXSULQFLSDOGHFRQGXFWDQFHVDXWGHjWUDFp$
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Figure 4.16. A. (QUHJLVWUHPHQW GH FRXUDQW j WUDYHUV OHV SRUHV IRUPpV SDU OD &U\%D HQ
FRQGLWLRQV V\PpWULTXHV GH  P0 GH .&O j S+  HW j XQ SRWHQWLHO GH   P9 /HV
FRQGXFWDQFHV FRUUHVSRQGDQWHV VRQW GH  S6 VDXWV GH  j  HW GH  S6 QLYHDX B.
+LVWRJUDPPHG¶DPSOLWXGHGXFRXUDQWSRXU OH WUDFp$/D OLJQHFRQWLQXHPDXYHHVWREWHQXH
SDU OH OLVVDJH DX PR\HQ GH FLQT IRQFWLRQV JDXVVLHQQHV OHV OLJQHV GLVFRQWLQXHV /HV SLFV
JDXVVLHQVVRQWFHQWUpVVXUOHVYDOHXUVVXLYDQWHVS$SLFS$SLF
   S$ SLF     S$ SLF  HW    S$ SLF  /HV YDOHXUV HQ
SDUHQWKqVHVLQGLTXHQWOHVWDX[UHODWLIVG¶RFFXSDWLRQGHFKDTXHQLYHDXGHFRQGXFWDQFH
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Figure 4.17. (QUHJLVWUHPHQWVGHVFRXUDQWVXQLWDLUHVjWUDYHUVOHVSRUHVIRUPpVSDUOD&U\%D
GDQVGHVELFRXFKHVGLIIpUHQWHVHQFRQGLWLRQVV\PpWULTXHVGHP0GH.&OjS+A.
P9/HVFRQGXFWDQFHVFRUUHVSRQGDQWHVVRQWGHS6QLYHDXHWS6VDXWVGHj
HWjB.P9/HVFRQGXFWDQFHVFRUUHVSRQGDQWHVVRQWS6VDXWVGHj6S6
VDXWVGHjHWS6VDXWGHj

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1 
2
500 ms
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

'¶DXWUHV QLYHDX[ GH FRQGXFWDQFH RQW pWp REVHUYpV GDQV XQH PHPEUDQH TXL D pWp
VRXPLVH j XQ SRWHQWLHO GH  P9 WUDFp % Figure 4.17 ,FL OHV SHWLWHV WUDQVLWLRQV SDU
UDSSRUWDXQLYHDXSULQFLSDOFRUUHVSRQGHQWjXQHFRQGXFWDQFHG¶HQYLURQS6OHVVDXWVGH
FRXUDQWHQWUHOHVQLYHDX[HWFRUUHVSRQGHQWjXQHFRQGXFWDQFHGHS6DORUVTXHOHVDXW
HQWUHHWFRUUHVSRQGHjXQHFRQGXFWDQFHGHS63OXVLHXUVG¶DXWUHVEUHIVpWDWVGHVRXV
FRQGXFWDQFHFRPPHFHOXLGHPVHWFRUUHVSRQGDQWjXQHFRQGXFWDQFHGHS6 LOOXVWUp
GDQVO¶DJUDQGLVVHPHQWVRXVOHWUDFp&RQWDXVVLpWpREVHUYpV
(Q SOXV GDQV ODPrPH ELFRXFKHPDLV SRXU GLIIpUHQWV SRWHQWLHOV LPSRVpV SOXVLHXUV
QLYHDX[ GH FRQGXFWDQFH RQW DXVVL pWp REVHUYpV ¬ WLWUH G¶H[HPSOH GHV WUDFpV GH FRXUDQW
REWHQXVGDQVODPrPHELFRXFKHVRXPLVHjP9P9HWP9VRQWSUpVHQWpVjOD
Figure 4.18&KDTXHWUDFpLOOXVWUHXQHGXUpHGHVHFRQGHVSURYHQDQWG¶XQHQUHJLVWUHPHQWGH
FRXUDQWG¶HQYLURQPLQXWHV$LQVLjP9WUDFp$Figure 4.18RQREVHUYHDXPRLQV
FLQT QLYHDX[ GLIIpUHQWV GH FRQGXFWDQFH 3RXU VRXFL GH FODUWp VHXOV OHV QLYHDX[  HW  VRQW
QXPpURWpVVXU OD ILJXUH/HVSRUHV UHVWHQWRXYHUWVjSHXSUqVGX WHPSVDXQLYHDXHW
SOXVLHXUV DXWUHV QLYHDX[ VH VXSHUSRVHQW j FH QLYHDX /D WUDQVLWLRQ HQWUH OHV QLYHDX[ HW 
REVHUYpHWRXWDXGpEXWGXWUDFp$FRUUHVSRQGjXQHFRQGXFWDQFHGHS68QVDXWGHPrPH
DPSOLWXGHVDXWGHjHVWVXSHUSRVpjFHOXLFRUUHVSRQGDQWjODFRQGXFWDQFHGHS6VDXW
GH  j  9HUV OH PLOLHX GX WUDFp $ OHV WUDQVLWLRQV GH FRXUDQW HQWUH OHV QLYHDX[  HW 
FRUUHVSRQGHQWDXVVLjXQHFRQGXFWDQFHGHS6GXUDQWFHWHQUHJLVWUHPHQW$LQVL OHJUDQG
QLYHDX GH FRQGXFWDQFH VXSHUSRVp DX QLYHDX  FRUUHVSRQG j XQH FRQGXFWDQFH GH  S6
SHQGDQW HQYLURQ  PV /¶DQDO\VH SOXV GpWDLOOpH GH FHV WUDQVLWLRQV D UpYpOp TXH FHUWDLQHV

G¶HQWUHHOOHVUpVXOWHQWGHODVXSHUSRVLWLRQG¶DXPRLQVGHX[QLYHDX[GLIIpUHQWVGHFRQGXFWDQFHV
LQIpULHXUHV
3RXU XQ SRWHQWLHO GH   P9 WUDFp % Figure 4.18 GHV VDXWV GH FRXUDQW
FRUUHVSRQGDQWjDXPRLQVFLQTYDOHXUVGLIIpUHQWHVGHFRQGXFWDQFHRQWpWpLGHQWLILpHVGDQVOD
PrPHPHPEUDQHS6VDXWVGHjS6VDXWGHjS6VDXWVGHj
S6VDXWVGHjHWS6VDXWVGHj/HJUDQGVDXWGHFRXUDQWFRUUHVSRQGDQWj OD
JUDQGHFRQGXFWDQFHGHS6VDXWVGHjjODILQGXWUDFp&UpVXOWHGHODVXSHUSRVLWLRQ
VLPXOWDQpHGHVDXWVGHFRXUDQWFRUUHVSRQGDQWjGHVFRQGXFWDQFHVGHS6HWS6/HV
VDXWV GH FRXUDQW HQWUH OHV QLYHDX[  HW  FRUUHVSRQGDQW j  S6 VRQW OHV SOXV IUpTXHQWV
&HSHQGDQWGHVVDXWVGHFRXUDQWFRUUHVSRQGDQWjGHVFRQGXFWDQFHVVXSpULHXUHVjFHWWHYDOHXU
RQWDXVVLpWpREVHUYpVGDQVFHWHQUHJLVWUHPHQW¬XQSRWHQWLHOGHP9WUDFp&Figure 
4.18 OHV WURLVQLYHDX[GH FRQGXFWDQFH OHVSOXV IUpTXHPPHQWREVHUYpV FRUUHVSRQGHQW jGHV
FRQGXFWDQFHVGHS6VDXWVGHjS6VDXWGHjHWS6VDXWVGHj
'¶DXWUHV QLYHDX[ GH FRQGXFWDQFH FRUUHVSRQGDQW j  HW  S6 RQW DXVVL REVHUYpV QRQ
SUpVHQWpVVXUOHWUDFp&
3DU DLOOHXUV HQ UpSRQVH DXPrPHSRWHQWLHO LPSRVp GDQV GHX[ ELFRXFKHV GLIIpUHQWHV
SOXVLHXUV VDXWV GH FRXUDQW FRUUHVSRQGDQW j GHV FRQGXFWDQFHV GLIIpUHQWHV RQW pWp LGHQWLILpV
/¶DFWLYLWpGHVSRUHVDDXVVLpWpYDULDEOHG¶XQHELFRXFKHjO¶DXWUHWUDFpV$HW%Figure 4.19
/HV WUDFpV GH FRXUDQW $ HW % GXUHQW FKDFXQ GHX[ PLQXWHV HW RQW pWp REWHQXV VXU GHX[
ELFRXFKHV GLIIpUHQWHV j XQ SRWHQWLHO LPSRVp GH   P9 6XU OH WUDFp $ OHV SRUHV UHVWHQW
HVVHQWLHOOHPHQWRXYHUWVDXQLYHDXGHFRQGXFWDQFHTXLFRUUHVSRQGjS6GHWHPSV
6HXOHV GHX[ IHUPHWXUHV FRUUHVSRQGDQW j XQH FRQGXFWDQFH GH  S6 VDXWV GH  j  HW

G¶HQYLURQ  VHFRQGHV RQW pWp REVHUYpHV (Q UHYDQFKH VXU OH WUDFp %, OHV WUDQVLWLRQV VRQW
EHDXFRXS SOXV IUpTXHQWHV /HV FRXUDQWV IOXFWXHQW UDSLGHPHQW HQWUH SOXVLHXUV pWDWV GH
FRQGXFWDQFHVDXWGHjS6VDXWGHjS6VDXWGHjS6HWVDXWj
 S6'HV WUDQVLWLRQVFRUUHVSRQGDQWjGHVFRQGXFWDQFHVGHS6HWS6RQWpWp
REVHUYpHVHQWDQWTXHVRXVpWDWVSRXUOHVFRQGXFWDQFHVGHHWS6UHVSHFWLYHPHQW
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Figure 4.18. 7UDFpV GHV FRXUDQWV XQLWDLUHV j WUDYHUV OHV SRUHV IRUPpV SDU OD &U\%D SRXU
GLIIpUHQWVSRWHQWLHOVDSSOLTXpVjODPrPHELFRXFKHHQFRQGLWLRQVV\PpWULTXHVGHP0GH
.&OjS+A. P9/HVFRQGXFWDQFHVFRUUHVSRQGDQWHVVRQWS6VDXWVGHj
GH  j  HW GH  j  HW  S6 VDXWV GH j  B.  P9 /HV FRQGXFWDQFHV
FRUUHVSRQGDQWHVVRQWS6VDXWVGHjS6VDXWVGHjS6VDXWVGHj
HW  S6 VDXWV GH  j C. P9 /HV FRQGXFWDQFHV FRUUHVSRQGDQWHV VRQW  S6
VDXWVGHjS6VDXWGHjHWS6VDXWVGHj
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Figure 4.19. &RXUDQWV XQLWDLUHV GHV SRUHV IRUPpV SDU OD &U\%D HQUHJLVWUpV GDQV GHX[
ELFRXFKHVGLIIpUHQWHVVRXPLVHVjXQSRWHQWLHOGHP9HQFRQGLWLRQVV\PpWULTXHVGH
P0GH.&OjS+A.P9/HVFRQGXFWDQFHVFRUUHVSRQGDQWHVVRQWGHS6HW
S6B.P97UDFpREWHQXSRXUXQHELFRXFKHGLIIpUHQWHGHFHOOHGHO¶H[SpULHQFHLOOXVWUpH
HQA/HVFRQGXFWDQFHVFRUUHVSRQGDQWHVVRQWS6VDXWGHjS6VDXWGHj
S6VDXWGHjHWS6VDXWGHj/DEDUUHG¶pFKHOOHHVWODPrPHSRXUOHVGHX[
WUDFpV
&HSHQGDQW GHV VDXWV GH FRXUDQW UHSUpVHQWDQW OD PrPH FRQGXFWDQFH RQW SX rWUH
LGHQWLILpVSRXUWRXVOHVSRWHQWLHOVLPSRVpVjODPrPHELFRXFKHFRPPHLOOXVWUpVGDQVOHVWUDFpV
SUpVHQWpVjODFigure 4.208QHFRQGXFWDQFHSULQFLSDOHFRUUHVSRQGDQWjGHVVDXWVGHFRXUDQW
TXH O¶RQREVHUYH VXU FHV WUDFpVSRXU WRXV OHVSRWHQWLHOV DSSOLTXpV HVW SUpVHQWpH j ODFigure 
4-21
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Figure 4.20. 7UDFpV GHV FRXUDQWV LRQLTXHV j WUDYHUV OHV SRUHV IRUPpV SDU OD &U\%D SRXU
GLIIpUHQWVSRWHQWLHOV LPSRVpVj ODPrPHELFRXFKHHQFRQGLWLRQVV\PpWULTXHVGHP0GH
.&OjS+/DEDUUHG¶pFKHOOHHVWODPrPHSRXUWRXVOHVWUDFpV
c
-20 mV
c 0 mV
+20 mVc
c
-40 mV
-60 mV
c
c +40 mV
500 ms
10 pA
c +60 mV

pH 9.0 
150/150 mM KCl
-15
-10
-5
0
5
10
15
-80 -60 -40 -20 0 20 40 60 80
Potentiel de membrane Vm (mV)
A
m
pl
itu
de
 d
e 
co
ur
an
t I
 (p
A
)
34 pS

Figure 4-21. 5HODWLRQ FRXUDQWSRWHQWLHO ,9 SRXU OHV VDXWV GH FRXUDQW FRUUHVSRQGDQW j OD
FRQGXFWDQFHSULQFLSDOHTXHO¶RQREVHUYHVXUOHVWUDFpVSUpVHQWpVjODFigure 4.20SRXUWRXVOHV
SRWHQWLHOVDSSOLTXpVVXU ODPrPHELFRXFKHHQFRQGLWLRQVV\PpWULTXHVGHP0GH.&Oj
S+/HVSRLQWVUHSUpVHQWHQWO¶DPSOLWXGHGHVVDXWVGHFRXUDQWPHVXUpVH[SpULPHQWDOHPHQW
VXUFHVWUDFpV/DSHQWHGHODGURLWHGHUpJUHVVLRQOLQpDLUHWUDFpHVXUOHVSRLQWVH[SpULPHQWDX[
FRUUHVSRQGjODYDOHXUGHODFRQGXFWDQFHLQGLTXpHVXUOHJUDSKLTXH

/HVSOXVSHWLWVVDXWVGHFRXUDQWTXLRQWpWpREVHUYpVGDQVO¶HQVHPEOHGHVH[SpULHQFHV
UpDOLVpHVHQFRQGLWLRQVV\PpWULTXHVjS+FRUUHVSRQGHQWjGHVFRQGXFWDQFHVYDULDQWGHj
 S6 ,OV VRQW SULQFLSDOHPHQW REVHUYpV SRXU GHV SRWHQWLHOV VXSpULHXUV j  P9'¶DXWUH
SDUWGHVVDXWVGHFRXUDQWFRUUHVSRQGDQWjGHVJUDQGHVFRQGXFWDQFHVGHO¶RUGUHGHS6RQW
VRXYHQW pWp REVHUYpV SRXU GLIIpUHQWHV YDOHXUV GH SRWHQWLHOV HW GDQV GLIIpUHQWHV H[SpULHQFHV
'HV VDXWV GH FRXUDQW FRUUHVSRQGDQW j GHV FRQGXFWDQFHV VXSpULHXUHV j  S6 RQW DXVVL pWp

REVHUYpVPDLVHVVHQWLHOOHPHQWSRXUGHVSRWHQWLHOVVXSpULHXUVjP9/HVJUDQGVVDXWVGH
FRXUDQW FRUUHVSRQGDQW j GHV JUDQGHV FRQGXFWDQFHV DSSDUDLVVHQW SDUIRLV GH IDoRQ
LQGpSHQGDQWHPDLVG¶DXWUHVIRLVVHPDQLIHVWHQWDXVVLFRPPHGHVpWDWVGHVRXVFRQGXFWDQFH
8QHGHUQLqUHFDUDFWpULVWLTXHGHVHQUHJLVWUHPHQWVGXFRXUDQWHQFRQGLWLRQVV\PpWULTXHV
jS+pWDLWTXHODIHUPHWXUHFRPSOqWHVLPXOWDQpHGHWRXVOHVSRUHVpWDWcGHOD&U\%DD
UDUHPHQWpWpREVHUYpH

4.4.2 Relation courant - potentiel (I-V)
/¶DQDO\VH GH  H[SpULHQFHV VXU XQ WRWDO GH  D SHUPLV G¶LGHQWLILHU OHV VDXWV GH
FRXUDQWOHVSOXVIUpTXHQWVHWGHWUDFHUOHVUHODWLRQVFRXUDQWSRWHQWLHO,9&HVGHUQLqUHVVRQW
LOOXVWUpHVjODFigure 4.22/HVYDOHXUVGHVFRQGXFWDQFHVFRUUHVSRQGDQWjGHVVDXWVGHFRXUDQW
OHV SOXV IUpTXHPPHQW REVHUYpV V¶pWDOHQW GH    S6 j    S6 /HV VDXWV GH FRXUDQW
FRUUHVSRQGDQWjGHVSHWLWHVFRQGXFWDQFHVGHjS6DLQVLTXHFHX[GHFHOOHVVXSpULHXUHVj
S6VRQWDSSDUXVPRLQVVRXYHQWFLQTH[SpULHQFHV¬GHVSRWHQWLHOVLPSRVpVGHP9
GHVJUDQGVVDXWVGHFRXUDQWFRUUHVSRQGDQWjGHVFRQGXFWDQFHVDXVVLJUDQGHVTXHS6RQW
pWpRFFDVLRQQHOOHPHQWPHVXUpV/HVJUDQGHVFRQGXFWDQFHVREVHUYpHVVRQWDSSUR[LPDWLYHPHQW
GHVPXOWLSOHVHQWLHUVGHODSOXVSHWLWHFRQGXFWDQFHGHS6
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Figure 4.22. 5HODWLRQVFRXUDQWSRWHQWLHO,9GHVSRUHVIRUPpVSDUOD&U\%DHQFRQGLWLRQV
V\PpWULTXHVGHP0GH.&OjS+/HVSRLQWV UHSUpVHQWHQW O¶DPSOLWXGHPR\HQQHGX
FRXUDQW REWHQXH SRXU DX PRLQV XQ SRWHQWLHO LPSRVp GDQV OHV GLIIpUHQWHV H[SpULHQFHV /HV
EDUUHV G¶HUUHXU VRQW SOXV SHWLWHV TXH OD WDLOOH GH V\PEROHV UHSUpVHQWDQW OHV SRLQWV
H[SpULPHQWDX[

/HVFRQGXFWDQFHVFRUUHVSRQGDQWjGHVVDXWVGHFRXUDQWOHVSOXVIUpTXHPPHQWREVHUYpV
H[SpULPHQWDOHPHQWVRQWSUpVHQWpHVGDQVOHWDEOHDXVXLYDQW
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Tableau 4.2. /HV FRQGXFWDQFHV FRUUHVSRQGDQW j GHV VDXWV GH FRXUDQW OHV SOXV VRXYHQW
REVHUYpHVH[SpULPHQWDOHPHQWSRXUOHVSRUHVIRUPpVSDUOD&U\%DHQFRQGLWLRQVGHVROXWLRQV
LRQLTXHVV\PpWULTXHVGHP0.&OjS+/HQRPEUHG¶H[SpULHQFHVSRXUOHVTXHOOHVXQ
QLYHDXGH FRQGXFWDQFH D pWpREVHUYpSRXU DXPRLQVGHX[SRWHQWLHOVGLIIpUHQWV LPSRVpV j OD
PrPH ELFRXFKH HVW LQGLTXp SDU OD OHWWUH 1 &HV UpVXOWDWV SURYLHQQHQW GH  H[SpULHQFHV
DQDO\VDEOHVVXUXQWRWDOGHH[SpULHQFHVHIIHFWXpHVGDQVFHVFRQGLWLRQV
&RQGXFWDQFH(60S6      
1      
&RQGXFWDQFH(60S6      
1      
1QRPEUHG¶H[SpULHQFHV(60O¶HUUHXUVWDQGDUGGHODPR\HQQH

(QUpVXPpG¶XQHSDUWODGLYHUVLWpGHVFRQGXFWDQFHVVXJJqUHTXHOHVSRUHVIRUPpVSDU
OD&U\%DSRXUUDLHQWrWUHGHVROLJRPqUHVFRQVWLWXpVG¶XQQRPEUHGLIIpUHQWGHSRUHVXQLWDLUHV
GH FRQGXFWDQFHV LGHQWLTXHV RX VHPEODEOHV '¶DXWUH SDUW LO HVW DXVVL SRVVLEOH TXH GHV
VWUXFWXUHV IRUPpHV G¶DJUpJDWV GH WDLOOHV GLIIpUHQWHV PDLV FRQVWLWXpV GH SOXVLHXUV SRUHV
LGHQWLTXHV V¶DFWLYDQW GH IDoRQ FRRSpUDWLYH VH WURXYHQW GDQV OHV ELFRXFKHV &HV SRVVLELOLWpV
VRQWGLVFXWpHVGHIDoRQSOXVGpWDLOOpHDX&+$3,75(


4.4.3 Cinétique
4.4.3.1 Comportement cinétique
/DFLQpWLTXHGHVSRUHVIRUPpVSDUOD&U\%DpWDLWYDULDEOHQRQVHXOHPHQWVXUODPrPH
ELFRXFKH VRXPLVH j GHV SRWHQWLHOV LPSRVpV GLIIpUHQWV Figure 4.18 PDLV DXVVL GDQV GHV
ELFRXFKHVGLIIpUHQWHV VRXPLVHVDXPrPHSRWHQWLHO Figure 4.19(QJpQpUDO WURLV W\SHVGH
FRPSRUWHPHQWVRQWpWpUHQFRQWUpV
3UHPLqUHPHQWOHVHQUHJLVWUHPHQWVRQWIUpTXHPPHQWpWpFDUDFWpULVpVSDUXQHFLQpWLTXH
OHQWH DYHF GHV SpULRGHV G¶RXYHUWXUH UHODWLYHPHQW ORQJXHV j XQ QLYHDX SULQFLSDO GH
FRQGXFWDQFHDFFRPSDJQpVSDUGHVRXYHUWXUHVRXGHVIHUPHWXUHVjGHVQLYHDX[GHFRQGXFWDQFH
VXSpULHXUVRXLQIpULHXUV&HFRPSRUWHPHQWDpWpREVHUYpSRXUGLIIpUHQWHVYDOHXUVGHSRWHQWLHO
LPSRVp'DQVO¶H[HPSOHLOOXVWUpVXUOHWUDFp$Figure 4.23SRXUXQSRWHQWLHOGHP9OHV
SRUHVUHVWHQWRXYHUWVGXWHPSVVHFRQGHVVXUDXQLYHDXSULQFLSDOGHFRQGXFWDQFH
9HUVODILQGXWUDFpOHVDXWHQWUHOHQLYHDXSULQFLSDOHWOHQLYHDXGHFRQGXFWDQFHLQIpULHXUGXUH
HQYLURQ PV DORUV TXH OHV GHX[ SHWLWHV RXYHUWXUHV FRUUHVSRQGDQW j GHV VDXWV GH QLYHDX
SULQFLSDO j XQ QLYHDX GH FRQGXFWDQFH VXSpULHXUH GXUHQW HQYLURQ PV $XPRLQV TXDWUH
DXWUHVRXYHUWXUHVGHPrPHDPSOLWXGHRQWpWpREVHUYpHVVXUODWRWDOLWpGHO¶HQUHJLVWUHPHQWQRQ
LOOXVWUpHV DYHF GHV GXUpHV SRXYDQW DOOHU MXVTX
j XQ PD[LPXP GH  PV 8QH FLQpWLTXH
VLPLODLUHDDXVVLpWpREVHUYpHjXQSRWHQWLHOGHP9WUDFp$Figure 4.19
'HX[LqPHPHQW OHV WUDQVLWLRQV GH FRXUDQW VXUYHQDQW GX QLYHDX SULQFLSDO GH
FRQGXFWDQFHjG¶DXWUHVQLYHDX[KDELWXHOOHPHQWGHFRQGXFWDQFHVLQIpULHXUHVRQWVRXYHQWpWp
SOXV UDSLGHV WUDFpV % Figure 4.19 HW Figure 4.23 2Q FRQVWDWH DLQVL XQ WRWDO GH 

WUDQVLWLRQVGHIHUPHWXUHVYHUVOHEDVVXUO¶HQUHJLVWUHPHQWGHVHFRQGHVGXWUDFp%Figure 
4.23 'H WHOOHV IOXFWXDWLRQV GDQV OD FLQpWLTXH GHV SRUHV RQW pWp REVHUYpHV SRXU GLIIpUHQWV
SRWHQWLHOVLPSRVpV
7URLVLqPHPHQWGHORQJXHVSpULRGHVG¶RXYHUWXUHRXGHIHUPHWXUHjXQQLYHDXSULQFLSDO
GHFRQGXFWDQFHVRQWVRXYHQWLQWHUURPSXHVSDUGHVERXIIpHVG¶DFWLYLWpFRQVWLWXpHVGHORQJXHV
RXYHUWXUHVHWGHWUDQVLWLRQVUDSLGHVGHVFRXUDQWVWUDFp&Figure 4.23
3DU DLOOHXUV OD FLQpWLTXH GHV SRUHV pWDLW SDUIRLV SOXV FRPSOH[H DYHF GHV VDXWV GH
FRXUDQW HQWUH OHV GLIIpUHQWV QLYHDX[ FRUUHVSRQGDQW j GHV pWDWV GH FRQGXFWDQFH PRLQV ELHQ
GpILQLV/HVIHUPHWXUHVFRPSOqWHVS$RQWpWpUDUHPHQWREVHUYpHVH[SpULHQFHVVXU

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Figure 4.23. 7UDFpV GHV FRXUDQWV XQLWDLUHV LOOXVWUDQW OH FRPSRUWHPHQW FLQpWLTXH GHV SRUHV
IRUPpVSDUOD&U\%DHQFRQGLWLRQVV\PpWULTXHVGHP0GH.&OjS+A.P9
7UDFpGHVLOOXVWUDQWOHVWUDQVLWLRQVOHQWHVGXFRXUDQW/HVSRUHVSDVVHQWHQYLURQGX
WHPSVGDQVO¶pWDWGHFRQGXFWDQFHSULQFLSDOHB.P97UDFpGHVHQUHJLVWUpGDQVXQH
PHPEUDQHGLIIpUHQWHGHFHOOHLOOXVWUpHHQ$HWPRQWUDQWOHVWUDQVLWLRQVUDSLGHVGXFRXUDQW2Q
FRQVWDWH  IHUPHWXUHV VH SURGXLVDQW SHQGDQW OD WRWDOLWp GH O¶HQUHJLVWUHPHQW.C. P9
7UDFpGHVLOOXVWUDQWOHVERXIIpHVG¶DFWLYLWpGHVSRUHV
A. +20 mV
c
 1 s
5 pA
c

1 s
5 pA
B. +20 mV

c
1 s
5 pA
C. +60 mV


4.4.3.2 Analyse cinétique
8QHDQDO\VHFLQpWLTXHDpWpHIIHFWXpHVXU O¶HQUHJLVWUHPHQWGRQW OHFRXUDQWHVW LOOXVWUp
VXUOHWUDFp%jODILJXUHFigure 4.23HWROHVVDXWVGHFRXUDQWREVHUYpVFRUUHVSRQGHQWjOD
FRQGXFWDQFH SULQFLSDOH GH  S6 /HV VDXWV GH FRXUDQW FRUUHVSRQGDQW j GHV FRQGXFWDQFHV
DXWUHVTXHFHWWHGHUQLqUHRQWpWpWUqVEUHIVHWQ¶RQWSDVpWpSULVHQFRPSWHGDQVO¶HVWLPDWLRQGHV
WHPSV PR\HQV G¶RXYHUWXUH HW IHUPHWXUH /HV KLVWRJUDPPHV GH WHPSV G¶RXYHUWXUH HW GH
IHUPHWXUH VRQW SUpVHQWpV j OD Figure 4.24 /¶KLVWRJUDPPH GHV WHPSV G¶RXYHUWXUH Figure 
4.24A D pWp DMXVWpSDU OD VRPPHGHGHX[ IRQFWLRQV H[SRQHQWLHOOHVTXL V¶DGDSWHQWELHQ DX[
RXYHUWXUHVGHFRXUWHVHWGH ORQJXHVGXUpHV/DFRQVWDQWHGX WHPSVGH ODFRPSRVDQWH UDSLGH
OLJQHURXJHHQSRLQWLOOpVFRUUHVSRQGjXQWHPSVRXYHUWPR\HQĲRU PVDORUVTXH
FHOOHGHODFRPSRVDQWHOHQWHOLJQHEOHXHHQSRLQWLOOpVHVWĲRO PV/HWHPSVPR\HQ
GH VpMRXU GDQV O¶pWDW RXYHUW HVW GH PV /D SUREDELOLWp G¶RXYHUWXUH SR GH FH SRUH HVW GH
/¶KLVWRJUDPPHGHV WHPSVGHIHUPHWXUHSRXU OHPrPHSRUHGHFRQGXFWDQFHGHS6
Figure 4.24BDpWpELHQDMXVWpSDUXQHVHXOHIRQFWLRQH[SRQHQWLHOOHOLJQHYHUWHVXSHUSRVpH
VXU O¶KLVWRJUDPPH/D FRQVWDQWHGH WHPSVGH O¶H[SRQHQWLHOOH FRUUHVSRQGjXQ WHPSV IHUPp
PR\HQĲI PV
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Figure 4.24. +LVWRJUDPPHVGHVWHPSVGHVpMRXUSRXUOHSRUHGHFRQGXFWDQFHGHS6GRQW
OH FRXUDQW HVW LOOXVWUp VXU OH WUDFp % j OD Figure 4.23 REWHQX j  P9 HQ FRQGLWLRQV
V\PpWULTXHV GH P0 GH.&O j S+ A. /¶KLVWRJUDPPH GHV WHPSV G¶RXYHUWXUH D pWp
DMXVWpSDU ODVRPPHGHGHX[H[SRQHQWLHOOHVGpFURLVVDQWHV OLJQHFRQWLQXHPDJHQWDDYHF OHV
FRQVWDQWHVGHWHPSVĲRO PVHWĲRU PVSRXUODFRPSRVDQWHOHQWHHWUDSLGH
UHVSHFWLYHPHQW /H WHPSVPR\HQ GH VpMRXU GDQV O¶pWDW RXYHUW HVW GH PVB. /D FRXUEH
OLJQHFRQWLQXHYHUWHDMXVWpHjO¶KLVWRJUDPPHGHVWHPSVGHIHUPHWXUHDpWpDMXVWpSDUjXQH
VLPSOHGpFURLVVDQFHH[SRQHQWLHOOHDYHFXQHFRQVWDQWHGHWHPSVĲI PV8QVHXLOGH
UpVROXWLRQGHPVDpWpLPSRVpSRXUOHVGHX[KLVWRJUDPPHVHWODODUJHXUGHEDUUHVHVWGH
PV
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
4.4.4 Sélectivité ionique
/D VpOHFWLYLWp LRQLTXH GHV SRUHV GH &U\%D j S+  D pWp GpWHUPLQpH SDU GHV
H[SpULHQFHV HIIHFWXpHV HQ FRQGLWLRQV LRQLTXHV DV\PpWULTXHV GH .&O GH  P0 cis
trans 'HV WUDFpV GH FRXUDQWV LRQLTXHV HQUHJLVWUpV GDQV FHV FRQGLWLRQV VRQW LOOXVWUpV j OD
Figure 4.25 'HV QLYHDX[ GH FRQGXFWDQFH PXOWLSOHV RQW pWp REVHUYpV j FKDTXH SRWHQWLHO
LPSRVp &RPPH GDQV OH FDV GH O¶DQDO\VH GH OD VpOHFWLYLWp LRQLTXH j S+ DFLGH OHV SRLQWV
UHSUpVHQWDQW OHV VDXWV GH FRXUDQW FRUUHVSRQGDQW DX[ PrPHV QLYHDX[ GH FRQGXFWDQFH QH
SHXYHQW SDV rWUH UHOLpV GH IDoRQ SUpFLVH HW VDQV DPELJLWp /HV SRWHQWLHOV G¶LQYHUVLRQ VH
WURXYHQWGDQVODUpJLRQDXWRXUjP9LQGLTXpHSDUOHGRXEOHIOqFKHHQFRXOHXUDPEUHjOD
Figure 4.26 VXU ODTXHOOH OHV SRLQWV GHPrPH FRXOHXU UHSUpVHQWHQW OHV YDOHXUV GHV FRXUDQWV
XQLWDLUHV REWHQXHV GDQV OD PrPH ELFRXFKH /H SRWHQWLHO G¶LQYHUVLRQ VH UDSSURFKH DORUV GX
SRWHQWLHO GH 1HUQVW GH  P9 SRXU OH SRWDVVLXP /HV SRUHV GH &U\%D VRQW GRQF SOXV
VpOHFWLIVSRXUOHSRWDVVLXPTXHSRXUOHFKORUH/HVUDSSRUWVGHSHUPpDELOLWp3.3&OSRXUFHWWH
UpJLRQ GH SRWHQWLHOV G¶LQYHUVLRQ VRQW LQIpULHXUV j  LQGLTXDQW XQH VpOHFWLYLWp FDWLRQLTXH
IDLEOHGHVSRUHVIRUPpVSDUFHWWHWR[LQH
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Figure 4.25. 7UDFpVGHFRXUDQWVLRQLTXHVREWHQXVjWUDYHUVOHVSRUHVIRUPpVSDUOD&U\%DVXU
ODPrPHELFRXFKHHQFRQGLWLRQVDV\PpWULTXHVGH»P0GH.&OjS+LOOXVWUDQWOHV
VDXWV GH FRXUDQW REVHUYpV SRXU GLIIpUHQWV SRWHQWLHOV LPSRVpV j ODPrPH ELFRXFKH /D EDUUH
G¶pFKHOOHHVWODPrPHSRXUWRXVOHVWUDFpV
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Figure 4.26. 3RWHQWLHOV G¶LQYHUVLRQ GHV SRUHV IRUPpV SDU OD &U\%D HQ FRQGLWLRQV
DV\PpWULTXHVGH.&OGHP0cistrans jS+/HVSRLQWVG¶XQHPrPHFRXOHXU
SURYLHQQHQWGHO¶DQDO\VHGHODPrPHPHPEUDQH/HVSRWHQWLHOVG¶LQYHUVLRQVHVLWXHQWGDQVOD
UpJLRQLQGLTXpHSDUOHGRXEOHIOqFKHGHFRXOHXUDPEUHHQWUHHWP9(.HW(&OLQGLTXHQW
OHVSRWHQWLHOVG¶pTXLOLEUHGH1HUQVWSRXU.HW&O
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CHAPITRE 5. DISCUSSION

,ODpWpGpPRQWUpSDUSOXVLHXUVpWXGHVTXHFHUWDLQHVWR[LQHV&U\VRQWDSWHVjIRUPHUGH
SRUHVGDQVOHV%/3VDQVUpFHSWHXUVRXOHVYpVLFXOHVSKRVSKROLSLGLTXHVVDQVUpFHSWHXUV6ODWLQ
et al.6FKZDUW] et al.(QJOLVK et al.9RQ7HUVFK et al.*URFKXOVNL et 
al.  5DFDSp et al.  3H\URQQHW et al. D 3H\URQQHW et al. 9Lp et al.
 3H\URQQHW et al.  3XQWKHHUDQXUDN et al.  %UXQHW et al.  5RGULJXH]
$OPD]iQ et al.
/D SUpVHQWH pWXGH D pWp HQWUHSULVH GDQV OH EXW SULQFLSDO GH YDOLGHU GDQV XQ SUHPLHU
WHPSVO¶K\SRWKqVHVHORQODTXHOOHODWR[LQHQpPDWLFLGH&U\%DHQWDQWTX¶XQHWR[LQH&U\GX
Bt, SRXUUDLW HOOH DXVVL IRUPHU GHV SRUHV GDQV OHV %/3 DLQVL TXH FDUDFWpULVHU OHV SURSULpWpV
pOHFWURSK\VLRORJLTXHVGHVSRUHVIRUPpV

5.1 Formation de pores et effet du pH

/HV H[SpULHQFHV UpDOLVpHV GDQV FHWWH pWXGH RQW SHUPLV GH FRQILUPHU TXH OD WR[LQH
QpPDWLFLGH &U\%D IRUPH GHV SRUHV GDQV OHV %/0 VDQV UpFHSWHXUV HW FHFL GDQV GHV
FRQGLWLRQV DFLGHV RX DOFDOLQHV GHV VROXWLRQV DTXHXVHV XWLOLVpHV GH SDUW HW G¶DXWUH GH OD
ELFRXFKH7RXWHIRLVLODpWpUHPDUTXpTXHOHS+DFLGHMRXHOHU{OHG¶XQpOpPHQWIDFLOLWDQWOD
IRUPDWLRQ GH SRUHV $LQVL j S+  OH WHPSV G¶LQVHUWLRQ GH OD WR[LQH VXU OD ELFRXFKH WHO
TX¶LQGLTXp SDU O¶DSSDULWLRQ GH O¶DFWLYLWp GHV VDXWV GH FRXUDQW YDULH GH  j PLQXWHV 3DU

FRQWUHTXDQGGHVVROXWLRQVDTXHXVHVGH.&OD\DQWODPrPHFRQFHQWUDWLRQPDLVjS+RQW
pWp XWLOLVpHV OH WHPSV G¶LQVHUWLRQ V¶pWHQG GH  j  PLQXWHV (Q RXWUH j S+  OH WDX[
G¶LQVHUWLRQGHVSRUHVGDQVOHVELFRXFKHVpWDLWGHGHVH[SpULHQFHVHIIHFWXpHVDORUVTXH
FHWWH YDOHXU pWDLW G¶HQYLURQ   j S+  '¶DXWDQW SOXV TX¶j S+  O¶DSSDULWLRQ GH
O¶DFWLYLWp pOHFWULTXH D VRXYHQW pWp REVHUYpH SRXU GHV FRQFHQWUDWLRQVPLQLPDOHV GH WR[LQH 
JP/DORUVTXHGHVFRQFHQWUDWLRQVSOXVpOHYpHVRQWVRXYHQWpWpQpFHVVDLUHVjS+&HWWH
YDOHXUPLQLPDOHHVWHQERQQHFRUUpODWLRQDYHFOHVFRQFHQWUDWLRQVOpWDOHVin vitroYDULDQWGH
JP/jJP//&GHOD&U\%D0DUURTXLQ et al.*ULIILWV et al.:HL
et al.  &DSSHOOR et al.  &KHQ et al.  /H S+ DFLGH IDYRULVH GRQF O¶HIIHW
WR[LTXHGHOD&U\%DFHTXLHVWHQDFFRUGDYHFVRQHIIHWin vivo FKH]OHVQpPDWRGHVGRQWOH
S+LQWHVWLQDOHVWG¶HQYLURQ/DXUHQW et al.&RPPHPHQWLRQQpSUpFpGHPPHQWOHS+
MRXHXQU{OHFOpGDQVODFDVFDGHWR[LTXHGHVSURWpLQHV&U\DXQLYHDXGHODVROXELOLVDWLRQGHV
SURWR[LQHV3DUH[HPSOHOHVFRQGLWLRQVGHS+XWLOLVpHVSRXUVROXELOLVHUHWDFWLYHUODSURWR[LQH
&U\% DIIHFWHQW OD JDPPH GH FRQGXFWDQFHV GHV SRUHV IRUPpV GDQV OHV %/3 SDU OD WR[LQH
DFWLYpH DLQVL TXH OHXU DFWLYLWp 3XQWKHHUDQXUDN et al. 'H SOXV FKH] GHV HVSqFHV GH
QpPDWRGHV SDUDVLWHV GX EpWDLO O¶HIILFDFLWp WR[LTXH G¶XQH VXVSHQVLRQ VSRUHFULVWDO G¶XQ Bt
FRQWHQDQWOHVWR[LQHV&U\$&U\%DHW&U\$GLPLQXHMXVTX
jO¶LQDFWLYLWpFRPSOqWHTXDQG
OHS+GHODVXVSHQVLRQHVWUpGXLWjRXj.RW]H et al.&HFLSRXUUDLWrWUHGDX
PDQTXHGHODVROXELOLVDWLRQGXFULVWDORXGHO¶DFWLYDWLRQGHODSURWR[LQHjFHVYDOHXUVH[WUrPHV
GXS+2UGDQVODSUpVHQWHpWXGHXQHIRUPHDFWLYpHGHOD&U\%DDpWpXWLOLVpHGDQVWRXWHV
OHVH[SpULHQFHV/¶HIIHWIDYRULVDQWGXS+DFLGHGDQVODIRUPDWLRQGHVSRUHVSRXUUDLWDORUVrWUH
H[SOLTXpSDUXQFKDQJHPHQWSDUWLWUDJHTX¶LOHQWUDvQHGDQVODFKDUJHGHFHUWDLQHVGHVFKDvQHV
ODWpUDOHVGHVDFLGHVDPLQpVTXLFRQVWLWXHQW ODSURWpLQH3DUFRQVpTXHQW ODFKDUJHQHWWHGHOD

SURWpLQHVRQFDUDFWqUHDPSKLSKLOHDLQVLTXHVRQUHSOLHPHQWFKDQJHUDLHQWGHIDoRQjFHTXH
OHV LQWHUDFWLRQV SURWpLQHELFRXFKH IDYRULVHQW G¶DYDQWDJH O¶LQVHUWLRQ GH OD SURWpLQH '¶DXWUH
SDUW OH WLWUDJH GHV FKDUJHV j OD VXUIDFH GH OD ELFRXFKH SKRVSKROLSLGLTXH SRXUUDLW OXL DXVVL
UpVXOWHUHQXQHPRGLILFDWLRQGHO¶DIILQLWpGHOD WR[LQHSRXUODELFRXFKH&HFLDG¶DLOOHXUVpWp
GpPRQWUp SRXU OHV WR[LQHV &U\& %XWNR et al.  &U\$F HW &U\&D )RUWLHU et al.
/¶HIIHWGXS+GDQV OD IRUPDWLRQGHSRUHVHWGH OHXUVSURSULpWpVDDXVVLpWpGpPRQWUp
SRXUG¶DXWUHVWR[LQHV&U\3DUH[HPSOH7UDQet al.RQWGpPRQWUpTXHSRXUOD&U\&OH
WDX[ GH IRUPDWLRQ GH SRUHV GDQV OHV 90%% GH O¶LQWHVWLQ PR\HQ GHV ODUYHV GH M sexta
GLPLQXHGHIDoRQLPSRUWDQWHORUVTXHOHS+DpWpGLPLQXpGHj(QUHYDQFKHSRXUOD
&U\$FODSHUPpDELOLWpGHVPHPEUDQHVUHVWHpOHYpHSRXUODJDPPHGHS+HQWUHHW
'HSOXVXQHDXWUHpWXGHDPLVHQpYLGHQFHTXHSRXUODWR[LQH&U\&DO¶DXJPHQWDWLRQGXS+
GH j HQWUDvQH ODGLPLQXWLRQGX WHPSVG¶LQVHUWLRQ HW GX WDX[GH IRUPDWLRQGHSRUHV
%UXQHW et al.'HVUpVXOWDWVFRQFRUGDQWDYHFOHVWR[LFLWpVin vivoGHFHVWR[LQHVHQYHUV
OHVODUYHVGHM sextaRQWpWpUDSSRUWpVSDUFHVGHX[GHUQLqUHVpWXGHVPHQWLRQQpHVFLGHVVXV
&KH] OHV ODUYHV GH OpSLGRSWqUH OH PRGH G¶DFWLRQ GHV WR[LQHV &U\ SDU IRUPDWLRQ GH
SRUHV GDQV OD PHPEUDQH DSLFDOH GH OHXUV FHOOXOHV LQWHVWLQDOHV HQ FRORQQH LPSOLTXH
O¶LQWHUUXSWLRQ j OD IRLV GH O¶pTXLOLEUH LRQLTXH HW GX S+ GH FHV FHOOXOHV FH TXL DERXWLW DX
JRQIOHPHQWGHVFHOOXOHVHWOHXUO\VHRVPRWLTXHFROORwGDOH.QRZOHVHW'RZ*ULQJRUWHQ
2QSRXUUDLWSUpVXPHUTXHGHIDoRQDQDORJLTXHOHPRGHG¶DFWLRQpYHQWXHOGHVWR[LQHV
&U\ QpPDWLFLGHV \ FRPSULV OD &U\%D LPSOLTXH OD O\VH RVPRWLTXH FROORwGDOH GHV FHOOXOHV
LQWHVWLQDOHV GH QpPDWRGHV &RQWUDLUHPHQW DX[ OpSLGRSWqUHV OHV PpFDQLVPHV GH WUDQVSRUW
PHPEUDQDLUHV HW GH S+ LQWHVWLQDO GX QpPDWRGH VRQW SUDWLTXHPHQW LQFRQQXV 8QH pWXGH

GpWDLOOpHGHFHVPpFDQLVPHVGDQVCelegansGHYUDLWSHUPHWWUHGHPLHX[FRPSUHQGUHOHPRGH
G¶DFWLRQGH&U\%DVXUOHVRUJDQLVPHVFLEOpVSDUFHWWHWR[LQH

5.2 Dose active et dose létale

3RXU FHUWDLQHV WR[LQHV &U\ LQVHFWLFLGHV OHV GRVHV QpFHVVDLUHV SRXU REVHUYHU OD
IRUPDWLRQGHVSRUHVGDQV OHV%3/VDQVUpFHSWHXUVVRQWGHjIRLVVXSpULHXUHj OHXU
FRQFHQWUDWLRQV in vivo 3H\URQQHW et al.1pDQPRLQVSRXUG¶DXWUHV WR[LQHVFRPPHOD
&U\& OD SHUPpDWLRQ HW OHV SURSULpWpV FLQpWLTXHV GHV SRUHV IRUPpV GDQV OHV %/3 VDQV
UpFHSWHXUV HW GDQV OHV PHPEUDQHV GHV FHOOXOHV 6I VRQW VHPEODEOHV VRXV GHV FRQGLWLRQV
FRPSDUDEOHV GH S+ HW SRXU OHVPrPHV GRVHV GH WR[LQH 6FKZDUW] et al. &HSHQGDQW
SRXUOD&U\%DFHVFRQFHQWUDWLRQVVRQWGHjJP/HWFRPSDUDEOHVDYHFODGRVHOpWDOH
/&  GH JP/ in vivo 0DUURTXLQ et al.  /D SUpVHQFH GHV UpFHSWHXUV GDQV OD
PHPEUDQHUpGXLWVLJQLILFDWLYHPHQWODFRQFHQWUDWLRQGHWR[LQHQpFHVVDLUHSRXUODIRUPDWLRQGH
SRUHV$LQVL3H\URQQHWet alRQWLQFRUSRUpGHV90%%GHL. disparGDQVOHV%/3HWLOV
RQWREVHUYpTXHGDQVFHVFRQGLWLRQVO¶DFWLYLWpGHVSRUHVDpWpLQGXLWHSRXUGHVFRQFHQWUDWLRQV
GH&U\$DGHjQ0GHVGRVHVFRPSDUDEOHVDYHFFHOOHVOpWDOHVin vivoDORUVTXHGDQV
OHV H[SpULHQFHV HQ%/3 VDQV UpFHSWHXUV OHVGRVHV VRQWGHjQ0$ORUVTX¶RQ FURLW
TX¶HQ JpQpUDO OHV UpFHSWHXUV GHV WR[LQHV &U\ VRLHQW LPSOLTXpV GDQV OD UHFRQQDLVVDQFH HW OD
OLDLVRQ GH OD WR[LQH DLQVL TXH GDQV VRQ FRQFHQWUDWLRQ j OD VXUIDFH GH OD ELFRXFKH 3LJRWW HW
(OODULOHVWSRVVLEOHTXHODGHUQLqUHpWDSHQHVRLWSDVVSpFLILTXHSRXUWRXWHVOHVWR[LQHV
\FRPSULVOD&U\%D


5.3 Conductances et effet du pH

/HVSRUHVIRUPpVSDUOD&U\%DGDQVOHV%/3VDQVUpFHSWHXUVSUpVHQWHQWGHVpWDWVGH
FRQGXFWDQFHVRXVRXVFRQGXFWDQFHVPXOWLSOHVj OD IRLVHQFRQGLWLRQV LRQLTXHVGH.&OjS+
HWj/DJDPPHGHFRQGXFWDQFHVOHVSOXVVRXYHQWGpWHUPLQpHVV¶pWHQGGHjS6
'HVFRQGXFWDQFHVDXGHKRUVGHFHWWHJDPPHRQWDXVVLpWpREWHQXHV¬S+OHVSOXVSHWLWHV
FRQGXFWDQFHV TXL SRXYDLHQW rWUH LGHQWLILpHV YDULDLHQW GH  j  S6 DORUV TXH GHV JUDQGHV
FRQGXFWDQFHVDWWHLJQDQWMXVTX¶jS6RQWDXVVLpWpFDOFXOpHV¬S+FHVYDOHXUVYDULHQW
GHjS6SRXUOHVSHWLWHVFRQGXFWDQFHVHWV¶pWHQGDLHQWMXVTX
jS6RXSOXV
/D JDPPH GHV FRQGXFWDQFHV UDSSRUWpHV GDQV FHWWH pWXGH SRXU OD WR[LQH QpPDWLFLGH
&U\%D HVW FRPSDUDEOH DYHF FHOOH REWHQXH SRXU FHUWDLQHV WR[LQHV &U\ LQVHFWLFLGHV 3DU
H[HPSOH HQ FRQGLWLRQV V\PpWULTXHV GH P0.&O j S+ OHV FRQGXFWDQFHV GHV SRUHV
FDWLRQLTXHV IRUPpVSDU OD&U\&GDQV OHV%/3VDQV UpFHSWHXUVYDULHQWGHjS6/HV
FRQGXFWDQFHVYDULHQWGHjS6HWGHjS6SRXUOHVPrPHVFRQGLWLRQVLRQLTXHV
PDLV j S+  6FKZDUW] et al.  3RXU OD &U\& GDQV  P0 .&O j S+  OHV
FRQGXFWDQFHVVRQWG¶HQYLURQjS63H\URQQHW et al.D'HSOXVGHVFRQGXFWDQFHV
DXVVLpOHYpHVTXHS6RQWpWpUDSSRUWpVSRXUOHVWR[LQHV&U\$FHW&U\$GDQVOHV%/3
6ODWLQ et al.
/HV SHWLWHV FRQGXFWDQFHV GpWHUPLQpHV GDQV FH WUDYDLO SURYHQDLHQW VRXYHQW GH SHWLWV
VDXWVLQGLYLGXHOVPDLVVRXYHQWDXVVLGHSHWLWVVDXWVGHFRXUDQWjSDUWLUGHQLYHDX[pOHYpVGH
FRQGXFWDQFH'DQVFHWWHpWXGHSRXU OHVGHX[FRQGLWLRQVGHS+XWLOLVpHV O¶LGHQWLILFDWLRQGHV

SHWLWHVWUDQVLWLRQVDVRXYHQWpWpSRVVLEOHSRXUGHVSRWHQWLHOVVXSpULHXUVjP9/HVJUDQGV
QLYHDX[ GH FRQGXFWDQFH TXDQW j HX[ RQW pWp REWHQXV GH IDoRQ VSRUDGLTXH SRXU WRXWH OD
JDPPHGHVSRWHQWLHOVLPSRVpVPDLVSOXVVRXYHQWSRXUOHVYDOHXUVSOXVpOHYpHVGXSRWHQWLHO¬
S+DOFDOLQOHVJUDQGHVFRQGXFWDQFHVRQWpWpREWHQXHVSOXVIUpTXHPPHQWTX¶jS+DFLGH&HV
GHUQLqUHV FRUUHVSRQGDLHQW VRXYHQW j GHV JUDQGHV RXYHUWXUHV LQGpSHQGDQWHV RXYHUWXUHV G¶XQ
QLYHDX GH FRQGXFWDQFH j XQ DXWUH QLYHDX VXSpULHXU VXLYL SDU GHV IHUPHWXUHV YHUV OHPrPH
QLYHDX GH FRQGXFWDQFH LQIpULHXU LQLWLDO &HSHQGDQW GHV QLYHDX[ GH VRXVFRQGXFWDQFH RQW
SDUIRLV pWp REVHUYpV SRXU FHV JUDQGHV FRQGXFWDQFHV 8Q pWDW GH FRQGXFWDQFH HVW LGHQWLILp
FRPPH XQH VRXVFRQGXFWDQFH HQ XWLOLVDQW OHV WURLV FULWqUHV VXLYDQWV )R[   L XQH
WUDQVLWLRQGLUHFWHHQWUH OHQLYHDXGH VRXVFRQGXFWDQFHHWFHOXLGHFRQGXFWDQFHSULQFLSDOHRX
YLFHYHUVDDpWpREVHUYpHLLO¶pWDWGHVRXVFRQGXFWDQFHQ¶HVWMDPDLVREVHUYpHQDEVHQFHGX
QLYHDXGH FRQGXFWDQFHSULQFLSDOH  LLL O¶pWDW GH FRQGXFWDQFHSULQFLSDOHQH UpVXOWHSDVGH OD
VXSHUSRVLWLRQGHGHX[RXSOXVLHXUVFDQDX[RXYHUWVLQGpSHQGDPPHQW
7UqV IUpTXHPPHQW OHV DPSOLWXGHV GH FHV JUDQGV VDXWV GH FRXUDQW FRUUHVSRQGDLHQW j GHV
PXOWLSOHVHQWLHUVGHVSOXVSHWLWHV

5.4 Oligomérisation 

,OHVWSRVVLEOHTXHODPXOWLWXGHGHVFRQGXFWDQFHVREVHUYpHGDQVFHWWHpWXGHUpVXOWHGH
O¶RXYHUWXUH VLPXOWDQpH GH SOXVLHXUV SHWLWV SRUHV VLPLODLUHV TXL V¶DVVRFLHQW VRXV IRUPH
G¶DJUpJDWV RX TXH OHV SRUHV GH&U\%D VRLHQW GHV ROLJRPqUHV GH GLPHQVLRQV GLIIpUHQWHV HW
FRQVWLWXpVG¶XQQRPEUHGLIIpUHQWGHSRUHVXQLWDLUHVLGHQWLTXHV$LQVLOHVFRXUDQWVXQLWDLUHVGH
&U\%DRQWVRXYHQWpWpREVHUYpVFRPPHGHVWUDQVLWLRQVUpSpWLWLYHVRXTXLVHVXSHUSRVDLHQWOHV

XQHV DX[ DXWUHVPDLV SDUIRLV SUpVHQWDLHQW DXVVL GHV pWDWV GH VRXVFRQGXFWDQFH 3RXUWDQW OD
SOXSDUWGHJUDQGHVFRQGXFWDQFHVVHPEOHQWrWUHDSSUR[LPDWLYHPHQWGHVPXOWLSOHVHQWLHUVG¶XQH
FRQGXFWDQFHIRQGDPHQWDOHpOpPHQWDLUHGHjS6jS+HWUHVSHFWLYHPHQW&HOD
HVW HQ HIIHW HQ DFFRUG DYHF OHV UpVXOWDWVGHQRPEUHXVHV pWXGHV IDLWHV HQ%/3SRXUG¶DXWUHV
WR[LQHV&U\/DSUpVHQFHGHFRQGXFWDQFHVPXOWLSOHVHWODIRUPDWLRQG¶ROLJRPqUHVRQWpWpPLV
HQpYLGHQFHGDQVFHVpWXGHV6ODWLQ et al.6FKZDUW] et al.:DOWHUV et al.
9RQ7HUVFK et al.5DFDSp et al.6FKZDUW] et al.E$URQVRQ et al.
*HUHFDHW%UDYR6FKZDUW]HW/DSUDGH6REHUyQ et al.3H\URQQHW et al.
0DVVRQ et al.3H\URQQHW et al.-LPpQH]-XiUH] et al.3OXVLHXUVGH
FHVFRQGXFWDQFHVUpVXOWHQWGHODIRUPDWLRQGHSRUHVPXOWLPpULTXHVGHVWUXFWXUHVHWGHWDLOOHV
GLIIpUHQWHV IRUPpV SDU ROLJRPpULVDWLRQ GH SOXVLHXUV PROpFXOHV LGHQWLTXHV GH OD WR[LQH
$URQVRQ et al. *HUHFD HW%UDYR6FKZDUW] HW/DSUDGH6REHUyQ et al.
3H\URQQHW et al. 8QHGHX[LqPHFRQIRUPDWLRQSRXUUDLWGpULYHUGH OD IRUPDWLRQ
G¶DJUpJDWVFRQVWLWXpVG¶XQQRPEUHGLIIpUHQWGHSRUHVXQLWDLUHVLGHQWLTXHVTXLV¶RXYULUDLHQWHW
VHIHUPHUDLHQWGHIDoRQFRRSpUDWLYHHWV\QFKURQLVpH.DXOLQ et al.*RXGHW et al.
$LQVL SRXU OHV SRUHV IRUPpV GDQV OHV %/3 VDQV UpFHSWHXUV SDU OD &U\$D 6FKZDUW] et al.
E RQW LGHQWLILp DXPRLQV FLQT FRQGXFWDQFHV YDULDQW GH  j  S6 OHV SOXV JUDQGHV
FRQGXFWDQFHVpWDQWDSSUR[LPDWLYHPHQWGHVPXOWLSOHVjIRLVGHODSOXVSHWLWHFRQGXFWDQFH
GH  S6 /¶ROLJRPpULVDWLRQ GHV SHWLWV SRUHV XQLWDLUHV D DLQVL pWpPLVH HQ pYLGHQFH SDU FHV
DXWHXUV3DUFRQWUHSRXUOD&U\&6FKZDUW]et al.PRQWUHQWTXHOHVFRQGXFWDQFHVGHV
SRUHV IRUPpV j S+ DOFDOLQ HW YDULDQW GH  j  S6 SRVVqGHQW SOXVLHXUV QLYHDX[ GH VRXV
FRQGXFWDQFH3DUH[HPSOHXQSRUHGHFRQGXFWDQFHPD[LPDOHGHS6SRVVpGDQWTXDWUHpWDWV
GHVRXVFRQGXFWDQFHGHHWS6DpWpLGHQWLILpPDLVDXFXQHVXSHUSRVLWLRQGHSRUHV

GHFHVDPSOLWXGHVQ¶DSXrWUHREVHUYpHHWODIRUPDWLRQG¶ROLJRPqUHVDGRQFpWpVXJJpUpH'DQV
XQHDXWUHpWXGHVXUOD&U\&3H\URQQHWet alRQWPRQWUpTXHOHVSRUHVIRUPpVHQ%/3
VDQVUpFHSWHXUVSRVVpGDLHQWDXPRLQVQLYHDX[GHFRQGXFWDQFHYDULDQWGHjS6/D
SOXSDUW GHV YDOHXUV GH FHV FRQGXFWDQFHV pWDLHQW GLIIpUHQWHV SDU G¶HQYLURQ  S6 /¶pWXGH
UpDOLVpH HQ XWLOLVDQW OD WHFKQLTXH G¶H[FOXVLRQ GH QRQpOHFWURO\WHV HW GH 3(* GH SRLGV
PROpFXODLUHV GLIIpUHQWV D GpPRQWUp TXH OHV SRUHV IRUPpV SRVVpGDLHQW GHV UD\RQV VLPLODLUHV
YDULDQWGHjQP/HVDXWHXUVFRQFOXDLHQWTXH OHVQLYHDX[PXOWLSOHVGHFRQGXFWDQFHV
pWDLHQWYUDLVHPEODEOHPHQWGXVj OD IRUPDWLRQG¶DJUpJDWVFRQVWLWXpVG¶XQQRPEUHYDULDEOHGH
SRUHV XQLWDLUHV VLPLODLUHV TXL V¶RXYUHQW HW VH IHUPHQW VLPXOWDQpPHQW '¶DLOOHXUV
O¶ROLJRPpULVDWLRQQ¶HVWSDVXQSKpQRPqQHOLPLWpDX[WR[LQHVBt2QO¶REVHUYHpJDOHPHQWSRXU
G¶DXWUHVWR[LQHV3)7*LVRXYDQGHU*RRW) et al./DUVHQ et al./HVLHXU et al.
 .DXOLQ et al.  *RXGHW et al.  3DUNHU HW )HLO  0DQL et al. 
*RQ]DOH] et al.(QFRQGLWLRQVSK\VLRORJLTXHVODIRUPDWLRQG¶DJUpJDWVGHSDUIRLVj
 FDQDX[ LRQLTXHV HVW DXVVL XQ SKpQRPqQH IUpTXHQW HW HVVHQWLHO j XQ FHUWDLQ QRPEUH GH
IRQFWLRQVFHOOXODLUHVWHOOHTXHODJpQpUDWLRQGHSRWHQWLHOVG¶DFWLRQV-XQJ et al.+LOO et 
al.
,OHVWGRQFSRVVLEOHTXHOHVPXOWLSOHVFRQGXFWDQFHVGHVSRUHVGH&U\%DFRUUHVSRQGHQW
VRLW j FHOOHV GH SRUHV PXOWLPpULTXHV LQGpSHQGDQWV GH GLDPqWUHV GLIIpUHQWV HW GRQW OD
FRQGXFWDQFHYDULDEOHGpSHQGGXQRPEUHGHPRQRPqUHVFRQVWLWXDQWOHSRUHVRLWjO¶RXYHUWXUH
V\QFKURQLVpH G¶XQ QRPEUH YDULDEOH GH SRUHV PRQRPpULTXHV j SHX SUqV LGHQWLTXHV DXWR
DVVHPEOpVHQSDUDOOqOHHWWUqVSURFKHVOHVXQVGHVDXWUHVGDQVGHVDJUpJDWVRX©clusters ªGDQV
OHV%/3FRPPHLODpWpPRQWUpSRXUG¶DXWUHVWR[LQHV3)7'DQVOHV%/3VDQVUpFHSWHXUVRQ

HVWLPHTXH OHV LQWHUDFWLRQV LQWHUPROpFXODLUHV HQWUH OHVPRQRPqUHV SURWpLTXHVPqQHQW j OHXU
DVVRFLDWLRQHWjODIRUPDWLRQG¶ROLJRPqUHVPDLV ODFRPSRVLWLRQGHODPHPEUDQHOLSLGLTXHHW
G¶DXWUHV IDFWHXUV SHXYHQW DXVVL rWUH LPSOLTXpV 9DFKRQ et al.  6FKPLGW et al. 
<RXQJ HW5REHUWV 'DUW  HW FRQVWLWXH HQFRUH j FH MRXU XQ VXMHW GH GLVFXVVLRQ
LPSRUWDQW9DFKRQ et al.

5.5 Cinétique 

/¶DQDO\VHGHVHQUHJLVWUHPHQWVFRXUDQWVGHVSRUHVIRUPpVSDUOD&U\%DDLQGLTXpTXH
OHXU FRPSRUWHPHQW FLQpWLTXH HVW YDULDEOH VRLW VXU OD PrPH PHPEUDQH VRLW SRXU OH PrPH
SRWHQWLHO LPSRVp j GHX[ PHPEUDQHV GLIIpUHQWHV (Q JpQpUDO OD FLQpWLTXH GHV SRUHV D pWp
VRXYHQWFDUDFWpULVpHSDUGHORQJXHVRXYHUWXUHVjXQQLYHDXSULQFLSDOGHFRQGXFWDQFHjSDUWLU
GXTXHO VH VXSHUSRVHQW GHV VDXWV GH FRXUDQW GLIIpUHQWV 6RXYHQW FHV VDXWV VRQW HQ IRUPHGH
ERXIIpHVWUqVUDSLGHVHWVRXYHQWGHJUDQGHDPSOLWXGH&HWWHDFWLYLWpHQERXIIpHVDVRXYHQWpWp
REVHUYpHjWRXVOHVSRWHQWLHOVLPSRVpV'HVFLQpWLTXHVFRPSOH[HVGXPrPHJHQUHRQWDXVVLpWp
REVHUYpVSRXUOHVDXWUHVWR[LQHV&U\pWXGLpHVGDQVGHVFRQGLWLRQVVLPLODLUHV6FKZDUW] et al.
 6FKZDUW] et al.  &HV FLQpWLTXHV QH VHPEOHQW SDV rWUH DIIHFWpHV SDU OH S+ SDU
FRQWUHVHPEOHQWYDULHUOpJqUHPHQWDYHFOHSRWHQWLHOWHOTX¶REVHUYpSRXUGHVSRUHVIRUPpVSDU
G¶DXWUHVWR[LQHVGHBt(QJOLVK et al.6FKZDUW] et al.F3H\URQQHW et al.

5.6 Sélectivité ionique


/HVH[SpULHQFHVHIIHFWXpHVHQFRQGLWLRQVGHJUDGLHQWGHFRQFHQWUDWLRQLRQLTXHGH.&O
GHSDUWHWG¶DXWUHODELFRXFKHRQWSHUPLVG¶pWDEOLUTXHOHVSRUHVIRUPpVSDU OD&U\%DVRQW
SHX VpOHFWLIV DX[ LRQV . LQGpSHQGDPPHQW GX S+ 1RV UpVXOWDWV RQW PRQWUp TX¶DX[ GHX[
YDOHXUVGHS+XWLOLVpV OHVSRUHV IRUPpVSDU OD&U\%DVRQWSOXW{W VpOHFWLIVDX[FDWLRQVDYHF
XQHSHUPpDELOLWpUHODWLYH3.3&OLQIpULHXUHj&HWWHVpOHFWLYLWpFDWLRQLTXHUHODWLYHPHQWIDLEOH
DDXVVLpWpREVHUYpHSRXUG¶DXWUHVWR[LQHVGHBt&U\$D*URFKXOVNL et al.6FKZDUW]
et al.D&U\$F6ODWLQ et al.:DOWHUV et al./RUHQFH et al.6FKZDUW]
et al. E 6PHGOH\ et al.  3RWYLQ et al. D &KDQGUD et al.  &U\%
6FKZDUW] et al.E&U\&6FKZDUW] et al.5DFDSp et al.3H\URQQHW et al.
D 0DVVRQ et al.  &U\$ (QJOLVK et al.  &U\$D 6ODWLQ et al. 
&U\%9RQ7HUVFK et al.&U\%3XQWKHHUDQXUDN et al.&\W$.QRZOHV et 
al.  HW &\W$D .QRZOHV et al.  &HSHQGDQW FRQWUDLUHPHQW j &U\%D OD
VpOHFWLYLWpLRQLTXHGHFHUWDLQHVWR[LQHVGpSHQGGXS+$LQVLSRXUODWR[LQH&U\&OHVSRUHV
HQUHJLVWUpVHQ%/3VRQWFDWLRQLTXHVjS+DOFDOLQHWDQLRQLTXHVjS+DFLGH6FKZDUW] et al.

'HSOXV LO Q¶HVW SDV H[FOXTXH OHVSRUHVGH OD&U\%D ODLVVHQW HX[DXVVL SDVVHUGHV
FRPSRVpVQHXWUHVGHJUDQGHWDLOOHFRPPHLODpWpUDSSRUWpSRXUG¶DXWUHVFDQDX[GHBt6DFFKL
et al.E.QRZOHVHW(OODU+HQGULFN[ et al.&DUUROOHW(OODUD0DUWLQ
HW:ROVIHUVEHUJHU  9LOODORQ et al. E 3H\URQQHW et al. D 3H\URQQHW et al.
 &RPPH SRXU OHV DXWUHV WR[LQHV LQVHFWLFLGHV GH Bt OD QDWXUH FDWLRQLTXH GHV SRUHV
IRUPpVSDUOD&U\%DSRXUUDLWrWUHXQpOpPHQWLPSRUWDQWGHOHXUDFWLYLWpQpPDWLFLGHVLODO\VH
RVPRFROORwGDOHGpFOHQFKpHSDUODWR[LQHHVWDXVVLWUqVGpSHQGDQWHGHVFDWLRQVFRPPHF¶HVWOH

FDV FKH] O¶LQVHFWH ¬ SUpVHQW DXFXQH LQIRUPDWLRQ Q¶HVW GLVSRQLEOH SRXU OHV WR[LQHV &U\
QpPDWLFLGHV j FH VXMHW &HSHQGDQW OD FRQIRUPLWp GH OHXU VWUXFWXUH ' DYHF FHOOH GHV &U\
LQVHFWLFLGHVSRXUUDLWLQGLTXHUXQHVLPLODULWpGDQVOHXUPRGHG¶DFWLRQ
 
CHAPITRE 6. CONCLUSION ET PERSPECTIVES

/DIRUPDWLRQGHSRUHVGDQVODPHPEUDQHFRQVWLWXHXQHpWDSHFOpGDQVOHPRGHG¶DFWLRQ
GHVWR[LQHV&U\GXEDFLOOHGH7KXULQJH&HUWDLQHVGHFHVWR[LQHVVRQWDSWHVjIRUPHUGHVSRUHV
GDQV OHV %/3 VDQV UpFHSWHXUV /HV H[SpULHQFHV UpDOLVpHV GDQV FH WUDYDLO RQW SHUPLV GH
GpPRQWUHUTXHODWR[LQHQpPDWLFLGH&U\%DIRUPHGHVSRUHVGDQVOHV%/3VDQVUpFHSWHXUV/D
IRUPDWLRQGHSRUHVDpWpREVHUYpHjGHX[YDOHXUVGLIIpUHQWHVGHS+HW/HS+DFLGH
VHPEOHIDYRULVHUODIRUPDWLRQGHSRUHVHQUpGXLVDQWOHWHPSVG¶LQVHUWLRQGHODWR[LQHDLQVLTXH
OD FRQFHQWUDWLRQ GH WR[LQH XWLOLVpH /D FDUDFWpULVDWLRQ DX QLYHDX pOHFWURSK\VLRORJLTXH GHV
SRUHV GH &U\%D D LQGLTXp TX¶LOV SRVVqGHQW SOXVLHXUV QLYHDX[ GH FRQGXFWDQFH /H S+ QH
VHPEOH FHSHQGDQW SDV DIIHFWHU VLJQLILFDWLYHPHQW OHV FRQGXFWDQFHV ELHQ TX¶j S+ DOFDOLQ OHV
SRUHVDSSDUDLVVHQWSOXVVWDEOHV/HVSRUHVIRUPpVSDU OD&U\%DVRQWSOXVSUREDEOHPHQWGHV
ROLJRPqUHVGHGLIIpUHQWHVWDLOOHVIRUPpVG¶XQHRUJDQLVDWLRQVSDWLDOHG¶XQQRPEUHGLIIpUHQWGH
SRUHV pOpPHQWDLUHV VLPLODLUHV DFWLYpV GH IDoRQ V\QFKURQLVpH /HV UpVXOWDWV REWHQXV GDQV FH
WUDYDLOGpPRQWUHQWDXVVLTXHOD&U\%DIRUPHGHVSRUHVGHVpOHFWLYLWpFDWLRQLTXHUHODWLYHPHQW
IDLEOHHWFHODLQGpSHQGDPPHQWGXS+
%LHQ TXH OHV WR[LQHV IRUPHXVHV GH SRUHV VRLHQW LPSRUWDQWHV SRXU OD YLUXOHQFH GH
QRPEUHXVHV EDFWpULHV SDWKRJqQHV OHXUPRGH G¶DFWLRQ DX QLYHDXPROpFXODLUH UHVWH HQFRUH j
H[SORUHU&KH]C. elegansODIRUPDWLRQGHSRUHVO\WLTXHVSDUOD&U\%DSRXUUDLWHQWUHDXWUHV
IDLUH LQWHUYHQLU GHV PpFDQLVPHV GH GpIHQVH FHOOXODLUH LPSOLTXDQW SDU H[HPSOH OHV YRLHV GH
VLJQDOLVDWLRQGHVNLQDVHV-1.HWS0$3.+XIIPDQ et al.D+XIIPDQ et al.E
,GHR et al.  &DQFLQR5RGHQ]R et al.  .DR et al.  /¶HQVHPEOH GHV

H[SpULHQFHV GpFULWHV GDQV FH PpPRLUH VXU OD &U\%D D SHUPLV G¶DFTXpULU GH QRXYHOOHV
FRQQDLVVDQFHVVXU OHPRGHG¶DFWLRQGHV WR[LQHVQpPDWLFLGHV&HOOHVFLVRQW WUqV LPSRUWDQWHV
FDUHOOHVSDUWLFLSHURQWQRQVHXOHPHQWjXQHPHLOOHXUHFRPSUpKHQVLRQGXGpYHORSSHPHQWGHOD
UpVLVWDQFH DX[ DQWLKHOPLQWKLTXHV GHV YHUV SDUDVLWHV PDLV DXVVL SHUPHWWURQW OD SURGXFWLRQ
pYHQWXHOOH GH QRXYHDX[ RXWLOV WKpUDSHXWLTXHVPLHX[ FLEOpV FRQWUH OHV LQIHFWLRQV 67+ HW OHV
DXWUHV QpPDWRGHV SDUDVLWDLUHV &HOD HVW G¶DXWDQW SOXV FULWLTXH VL O¶RQ FRQVLGqUH TXH GHV
FRPELQDLVRQV DQWLKHOPLQWKLTXHV FRQWHQDQW OHV WR[LQHV &U\%D &U\$ DJLVVHQW GH IDoRQ
IRUWHPHQWV\QHUJLTXH+X et al.E(QRXWUHXQHDXWUHK\SRWKqVHTXLDpWppYRTXpHGDQV
FH WUDYDLO F¶HVW TXH OD WR[LQH &U\%D SRXUUDLW DXVVL IRUPHU GHV SRUHV GDQV OD PHPEUDQH
DSLFDOHGHVFHOOXOHVLQWHVWLQDOHVGHVQpPDWRGHV3RXUFHWWHUDLVRQGHSHUWLQHQFHELRORJLTXHGHV
HVVDLV GH GLVVHFWLRQ GH SHWLW JpRQpPDWRGHC. elegans RQW pWp HIIHFWXpV DLQVL TXH GHV WHVWV
SUpOLPLQDLUHVGHYLDELOLWpHQXWLOLVDQWODPLFURVFRSLHjIOXRUHVFHQFHHWODWHFKQLTXHGHPDUTXHU
IOXRUHVFHQWO¶KRPRGLPqUHGHO¶pWKLGLXP(WK'&HPDUTXHXUHVWXQLTXHPHQWSHUPpDEOH
DX[ FHOOXOHV GRQW OHV PHPEUDQHV SODVPLTXHV VRQW HQGRPPDJpHV /HV H[SpULHQFHV
SUpOLPLQDLUHVQ¶RQWSDVpWpFRQFOXDQWHVPDLVOHVWUDYDX[VHSRXUVXLYHQWGDQVQRWUHODERUDWRLUH
DILQG¶pYDOXHUO¶HIIHWSRWHQWLHOOHPHQWSRURJqQHGHOD&U\%DVXUOHVFHOOXOHVLQWHVWLQDOHVGHC. 
elegans /HV WUDYDX[ IXWXUV YLVHURQW GHV pWXGHV HQPLFURVSHFWURIOXRUHVFHQFH HQWUHSULVHV VXU
O¶LQWHVWLQHQWLHURXOHVFHOOXOHVGLVVRFLpHVHQ]\PDWLTXHPHQWDXPR\HQGHVRQGHVGHFDOFLXP
)XUD  SRXU WHVWHU O¶HIIHW GH&U\%D VXU OD VLJQDOLVDWLRQ FDOFLTXH LQWUDFHOOXODLUH'¶DXWUHV
VRQGHVIOXRUHVFHQWHVVHURQWXWLOLVpHVSRXUGLVVpTXHUOHVFDVFDGHVGHVLJQDOLVDWLRQLPSOLTXpHV
/D WHFKQLTXH GH SDWFKFODPS VHUD DXVVL XWLOLVpH VXU XQ PRGqOH H[SpULPHQWDO G¶LQWHVWLQ GH
QpPDWRGHSHUPHWWDQWGH WHVWHU OHVHIIHWVGH O¶H[SRVLWLRQH[WUDFHOOXODLUH HW LQWUDFHOOXODLUH j OD
WR[LQH &U\%D /¶pYDOXDWLRQ GH OD IRUPDWLRQ GH SRUHV HW GH OHXUV SURSULpWpV

pOHFWURSK\VLRORJLTXHV HQ %/3 GRSpHV SDU IXVLRQ GH OLSRVRPHV SUpSDUpV SDU H[WUXVLRQ GH
UpFHSWHXUVJO\FROLSLGHVH[WUDLWVGHQpPDWRGHVVHUDDXVVLYLVpH'HWHOOHVpWXGHVH[SORUDWULFHV
FRPELQpHV DX[ UpVXOWDWV REWHQXV GDQV FH WUDYDLO VHUDLHQW SDUWLFXOLqUHPHQW LQWpUHVVDQWHV
SXLVTX¶HOOHVFRQWULEXHUDLHQWGHIDoRQDSSUpFLDEOHGDQVODFRPSUpKHQVLRQSOXVSUpFLVHGXPRGH
G¶DFWLRQGHVWR[LQHV&U\QpPDWLFLGHV

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